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GENERAL  PREFACE* 


For  the  past  six  years  the  writer  has  been  closely  associated 
with  the  authors  of  the  teaching  enterprise  of  which  the  present 
volume  is  the  outcome.  He  has  watched  them  formulate  their 
objectives,  organize  and  recast  their  material,  try  out  and  dis- 
card one  device  in  the  technique  of  teaching  after  another — 
all  in  the  presence  of  the  most  impartially  critical  of  audiences : 
a succession  of  boys  and  girls  who  learn  or  do  not  learn  ac- 
cording as  we  succeed  or  fail  as  teachers.  The  experimental 
organization  of  a course  requires  patience ; if  it  does  not  work 
satisfactorily  this  year,  we  can  forthwith  form  our  hypotheses 
touching  the  cause  of  failure ; but  we  must  wait  a year  before 
we  can  experiment  further.  Such  has  been  the  history  of  the 
development  of  this  text. 

The  mission  of  the  older  textbooks  in  science  was  apt  to 
be  the  teaching  of  principles  which  were  or  were  not,  as  fate 
decreed,  applied  to  the  interpretation  of  the  environment. 
Education  was  confounded  with  erudition,  and  the  more  a 
boy  knew,  the  better  educated  he  was  presumed  to  be.  The 
general  science  movement  interprets  its  task  to  be  that  of 
helping  the  younger  generation  to  understand  the  world  in 
which  it  finds  itself.  We  accordingly  do  not  teach  principles 
and  then  apply  them:  we  teach  the  child  about  the  world, 
and  in  the  process  certain  of  the  fundamental  principles  of 
science  come  to  be  definite  realities.  The  centre  of  effort, 
however,  is  the  child  and  his  adjustment,  and  not  knowledge 
for  its  own  sake. 

The  authors  have  been  singularly  diligent  in  their  adherence 
to  this  guidance.  The  environment  is  presented  in  some 
seventeen  units,  embracing  the  principal  aspects  in  which  it  is 
manifested  in  the  common  life  of  society.  Attention  is  focused 
upon  the  understanding  of  the  world  in  each  of  these  aspects. 
The  pupil  is  first  taken  up  into  a high  place  and  shown  the 
scene  as  a whole,  not  as  a syllabus  or  table  of  contents,  but 
as  a coherent  and  comprehensible  picture.  The  process  is 
repeated  for  each  of  the  seventeen  units  and  for  each  of  the 
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major  phases  of  each  unit.  Each  unit  can  be  understood  by 
the  pupil  in  terms  of  its  concrete  meaning  to  his  own  life  and 
to  that  of  the  society  of  which  he  is  a part.  This  is  very 
different  from  beginning  with  a definition  of  physics  or  chem- 
istry and  thence  pursuing  the  presentation  in  the  logical  order 
of  development  of  the  science.  It  is  different,  too,  from  a 
series  of  chapters  describing  natural  phenomena  and  their 
meaning,  capable  of  being  read,  and  memorized  if  you  will, 
but  not  capable  of  producing  any  modification  of  the  pupil’s 
attitude  toward  his  world  except  in  casual  instances. 

Successful  learning  in  this  or  in  any  related  field  implies 
not  only  the  acquisition  of  new  concepts  and  the  attainment 
of  new  attitudes,  but  it  implies  the  inclination  to  seek  farther 
and  the  ability  to  do  so.  The  essence  of  educating  a student 
citizen  is  to  set  him  going  under  his  own  power  and  point  him 
right.  In  a word,  successful  teaching  results  in  development 
of  ability  to  study  and  discovery  of  intellectual  interest. 

The  backbone  of  the  text  is  therefore  the  exercises  provided 
for  study.  Rightly  understood,  these  are  not  directions  for 
study,  but  the  media  in  which  directed  study  can  be  done  and 
in  which  the  kind  of  study  ability  which  is  specific  to  the 
sciences  can  grow.  If  the  text  were  simply  descriptive  and 
explanatory  material  interestingly  illustrated,  it  would  doubt- 
less be  valuable  for  reading  purposes  but  scarcely  worth  while 
for  assigning  class  meetings  or  for  paying  teachers  to  work 
with.  The  teacher  and  the  pages  are  essential  to  the  learning 
process,  but  understanding  and  insight  result  only  from  hard 
study,  prolonged  study,  and  well  directed  study. 

The  test  of  learning  is : what  will  the  pupil  of  his  own  initi- 
ative do  with  it?  Accordingly,  the  exercises  throughout  are 
their  own  testing,  and  the  ultimate  test  is  furnished  in  the 
voluntary  supplementary  projects  listed  for  each  unit.  If 
the  pupil  elects  to  work  at  these  projects  as  he  has  oppor- 
tunity, we  have  perhaps  the  best  possible  evidence  that  the 
course  is  establishing  in  him  the  new  attitudes  which  are  not 
only  the  ultimate  test  of  learning  but  are  learning  itself. 

Henry  C.  Morrison 
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This  revision  of  Everyday  Problems  in  Science  follows,  in 
general,  the  principles  of  selection  and  organization  of  con- 
tent and  the  techniques  of  teaching  science  to  boys  and  girls 
that  led  the  first  edition  to  be  recognized  throughout  the 
country  as  a study  book  in  science  based  upon  validated 
experiences  with  the  “unit-problem  plan’’  of  organization 
and  of  method. 

Eight  years  of  experimentation  in  the  classroom  produced 
the  first  edition.  Seven  more  years  of  classroom  use  of  the 
book  and  the  criticisms  of  thousands  of  teachers  of  science, 
as  well  as  a large  amount  of  research  by  leaders  in  the  field 
of  science  education,  have  suggested  numerous  improvements 
which  are  incorporated  in  this  new  edition.  Similarly,  the 
advances  in  science  since  the  publication  of  the  first  edition 
find  their  proper  place  in  this  new  edition. 

Examination  of  the  revised  edition  will  reveal  that  this 
book  is  organized  on  the  same  plan  as  Everyday  Problems  in 
Biology  by  Pieper,  Beauchamp,  and  Frank.  The  two  books 
are  companion  volumes  and  form  a two-year  sequence  in 
science  for  students  in  the  early  years  of  the  secondary 
school.  When  the  two  books  are  used  as  a sequence.  Everyday 
Problems  in  Science  should  precede  Everyday  Problems  in 
Biology. 

The  guiding  principles  underlying  the  formulation  of  the 
course  here  outlined  are  those  stated  in  the  preface  of  the 
first  edition,  from  which  we  quote: 

“The  contributions  of  scientific  study  to  present-day  life 
are  so  manifold  and  important  that  we  have  come  to  speak 
of  this  age  as  the  age  of  science.  Everywhere,  in  the  home, 
the  school,  the  playground,  the  workshop,  and  the  commu- 
nity in  general,  the  phenomena  and  applications  of  science 
influence  our  lives.  Citizens  of  today  can  better  understand, 
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enjoy,  appreciate,  and  control  their  environment,  and  adjust 
themselves  to  it,  through  knowledge  of  the  science  involved 
in  the  daily  problems  of  sensible,  happy,  healthful,  com- 
fortable, and  efficient  living.  Their  intellectual,  moral,  and 
ethical  character  depends  in  part  upon  their  understanding 
of  and  their  attitude  toward  the  forces  and  materials  of 
nature. 

“Our  boys  and  girls  grow  up  in  this  scientific  age  and 
become  the  citizens  of  the  next  generation.  At  the  adolescent 
period  their  natural  interest  in  the  environment  creates  a 
desire  and  a demand  to  know  something  of  the  great  con- 
tributions of  science  to  modern  life  and  to  human  progress; 
their  near  approach  to  adult  citizenship  makes  the  need  for 
knowledge  of  science  and  for  correct  attitudes  toward  scien- 
tific problems  imperative.  They  must  be  acquainted  with, 
and  have  training  in,  the  proper  methods  of  thinking  about 
such  problems,  so  that  they  may  be  able  to  do  such  thinking 
for  themselves. 

“The  immediate  aim  of  instruction  in  science  during  the 
years  following  the  elementary  school  period  is,  therefore, 
the  broadening  of  the  youth’s  experiences  with  the  forces 
and  materials  of  his  environment  and  the  developing  of  an 
attitude  of  open-mindedness  and  a spirit  of  inquiry  concerning 
the  nature,  value,  and  use  of  science  in  modern  life.  Along 
with  this  experience-getting  and  attitude-forming  come  the 
power  and  inclination  to  do  effectively  what  civilization 
demands  of  every  citizen.  And  out  of  these  results  grow  the 
appreciation  of  nature  and  the  cultural  and  enjoyment  values 
which  help  to  build  individuality  and  character.  The  ultimate 
aim  of  introductory  science  is,  then,  the  active  and  whole- 
some participation  in  the  desirable  activities  of  life,  or  good 
citizenship.  If  instruction  in  science  during  the  early  years 
of  high  school  meets  this  objective,  it  will  in  an  equal  degree 
meet  the  objective  of  exploring  the  fields  of  science,  and 
will  thereby  stimulate  and  guide  the  student  in  his  later 
study.’’ 
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Essentially,  this  book  is  a study  book  based  upon  the 
authors’  unit-problem  technique,  which  has  been  so  generally 
accepted  by  science  teachers  during  the  last  decade.  Each 
of  the  seventeen  units  represents  a significant  problem  of 
adjustment  to  the  environment  and  is  organized  in  such  a 
way  that  the  laws  of  learning  and  the  steps  in  scientific 
problem-solving  are  employed. 

The  Preliminary  Exercises  which  precede  each  unit-problem 
furnish  concrete  means  for  recall  of  past  experiences  and 
knowledge  pertinent  to  the  new  problem.  At  the  same  time 
they  review  units  previously  studied  in  so  far  as  the  knowledge 
is  necessary  in  the  new  unit-problem.  Such  recall  and  review 
motivate  the  work  and  are  in  accord  with  the  important 
principle  of  proceeding  from  the  known  to  the  unknown. 
The  exercises  are  so  stated  that  each  student  can  test  himself 
in  writing  and  thereby  furnish  the  teacher  with  a diagnostic 
measure  of  his  students’  residue  of  knowledge  before  they 
proceed  further  in  the  unit-problem.  With  such  diagnosis 
the  teacher  may  know  which  points  to  emphasize  in  the 
later  study  and  may  also  properly  fit  the  course  to  the 
individual  student. 

The  Story  of  the  unit  follows  the  Preliminary  Exercises. 
This  brief  sketch  of  the  unit  content  covers  only  a few  pages. 
It  gives  the  pupil  a bird’s-eye  view  of  the  unit-problem, 
emphasizing  the  development  of  man’s  knowledge  in  the 
particular  topic,  his  dependence  upon  the  understanding  of 
that  topic,  and  his  use  of  such  understanding.  It  motivates 
his  later  study  and  assists  him  in  relating  the  less  important 
details  of  the  subordinate  problems  to  the  central  idea  of 
the  unit-problem.  It  raises  everyday  problems  which  further 
motivate  and  aid  him  in  his  study  of  the  unit-problem. 

With  the  proper  motivation  and  with  an  over-view  of  the 
unit-problem  in  mind,  the  pupil  next  turns  to  a careful, 
detailed  study  of  the  important  subordinate  problems  into 
which  the  unit  is  naturally  subdivided  in  daily  life.  Here 
he  is  provided  with  many  activities  which  broaden  his 
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knowledge  and  give  him  training  in  the  proper  study  atti- 
tudes and  in  the  scientific  methods  of  solving  problems. 
Throughout  the  problems  he  finds  various  exercises,  planned 
not  only  to  recall  usable  experiences  and  to  acquire  new 
ones,  but  also  to  test  his  understanding  of  the  activities 
performed  during  his  study.  Pertinent  Study  Suggestions  to 
the  student  are  given  at  the  beginning  of  many  problems. 
Experience  in  the  classroom  has  shown  the  value  of  such 
suggestions  in  problem-solving.  It  will  also  be  noted  that 
Suggested  Activities  are  found  scattered  through  the  problems 
of  the  unit.  These  offer  opportunity  to  adjust  the  work  to 
local  interests  and  to  individual  differences  of  ability,  interest, 
and  previous  study. 

The  content  of  the  problems  is  so  planned  that  either  the 
individual  or  the  group  method  of  instruction  may  be  used. 
The  exercises  may  be  done  by  individual  pupils  or  used  as 
a basis  for  class  discussion.  In  either  case  they  give  expe- 
rience and  practice  in  such  important  activities  as:  (a)  oral 
or  written  expression,  {b)  silent  reading,  (c)  interpretation 
of  the  printed  page,  (d)  interpretation  of  experiments,  (e) 
interpretation  of  maps,  diagrams,  tables,  or  graphs,  (/)  pre- 
paring outlines,  (g)  summarizing  knowledge,  (h)  reorganizing 
knowledge  for  new  purposes,  (i)  drawing,  (j)  finding  infor- 
mation, and  (k)  studying  home  and  shop  appliances. 

In  order  to  provide  especially  for  individual  differences  of 
interest  and  ability  there  are  Additional  Exercises  at  the  end 
of  each  unit.  Some  of  these  are  of  the  nature  of  additional 
activities  and,  as  such,  supplement  the  Suggested  Activities 
found  in  the  text  proper;  others  are  questions  to  be  con- 
sidered and  answered.  At  the  end  of  the  text  proper  there 
are  lists  of  topics  and  projects  for  investigation  and  references 
for  each  unit.  The  Additional  Exercises  are  of  such  nature 
that  the  better  students  can  do  them  with  little  or  no  further 
study  beyond  the  unit  content.  The  topics  and  projects  for 
investigation  represent  subjects  which  are  related  to  the 
unit,  but  which  will  require  considerable  study  or  experi- 
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mentation  beyond  the  subject-matter  of  the  unit.  The 
references  will  suggest  extended  source  material  for  further 
study.  The  best  references  for  the  topics  and  projects  for 
investigation  are  given  after  each  topic  or  project.  The 
teacher  may  shorten  the  course  here  outlined  by  judicious 
elimination  of  some  of  the  numerous  exercises.  On  the  other 
hand,  the  course  may  be  extended  by  the  inclusion  of  as 
many  of  the  Additional  Exercises,  or  of  the  topics  and  projects 
for  investigation,  as  may  seem  desirable.  The  list  of  refer- 
ences is  intentionally  made  very  long  to  assure  that  some 
of  the  books  given  may  be  found  in  any  library. 

On  page  xix  will  be  found  a section  To  the  Student.  The 
teacher  should  not  fail  to  direct  his  students  to  read  this 
section  carefully  before  beginning  the  study  of  Unit  1. 

The  Teacher's  Guidebook,  published  as  a separate  volume, 
contains  an  elaboration  of  the  plan  of  organization  and  of 
the  teaching  technique  employed  in  this  course  as  well  as 
detailed  instructions  and  suggestions  for  the  successful 
conduct  of  the  learning  activities  in  each  unit-problem. 

A Study-Book  in  General  Science  (331  pages)  provides  an 
enriched  activities  program  in  the  form  of  a pupil’s  work- 
book. This  work-book  is  especially  unique  in  that  a con- 
siderable number  of  the  exercises  are  so  constructed  as  to 
make  clear  and  force  the  use  of  scientific  methods  of  working 
and  thinking.  Also,  each  exercise  is  focused  on  a major 
understanding,  concept,  or  principle. 

A series  of  standardized  objective  tests  in  forms  A and 
B is  available  for  use  with  the  text.  The  tests  are  bound  in 
pads,  each  pad  containing  17  tests,  one  for  each  unit  of  the 
book.  The  tests  were  standardized  on  returns  from  about 
1000  students. 

Charles  J.  Pieper 
Wilbur  L.  Beauchamp 
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TO^  THE  STUDENT 

Introduction 

Nature  holds  many  interesting  secrets.  Some  of  these  you 
learn  by  observing  what  goes  on  around  you;  others  you 
read  about  or  hear  discussed  from  time  to  time;  many  you 
can  never  hope  to  understand  unless  you  study  science.  Until 
you  have  studied  the  science  of  nature  (natural  science),  you 
will  lack  an  appreciation  of  the  wonderful  forces  and  mate- 
rials which  nature  has  provided  for  your  education,  your 
comfort,  your  enjoyment,  and  your  well-being.  With  a 
knowledge  of  science  and  of  the  scientific  way  of  thinking 
about  life,  you  will  come  to  know,  enjoy,  and  appreciate 
nature,  and  therefore  you  will  be  a happier  and  better  member 
of  your  home  and  community.  This  book  will,  if  you  use  it 
properly,  acquaint  you  with  some  of  the  forces  and  materials 
of  nature  and,  at  the  same  time,  show  you  how  to  think 
about  your  surroundings  in  a scientific  way.  The  story  of 
the  “things”  to  be  studied  and  the  method  you  will  use  in 
studying  are  stated  in  the  following  sections. 

The  Story  of  This  Book 

Imagine,  for  a moment,  that  you  are  living  centuries  ago 
when  man  knew  little  about  the  earth  and  its  place  among 
the  heavenly  bodies.  The  origin  and  nature  of  the  earth  are 
unknown  to  you.  The  changes  in  weather  and  their  causes, 
as  well  as  the  climate  of  your  region,  are  puzzles;  perhaps 
man  has  not  even  tried  to  understand  them.  You  and  your 
neighbors  spend  the  days  providing  food  and  seeking  ways 
to  protect  yourselves  against  the  weather,  climate,  beasts, 
fire,  and  other  men.  You  live  on  raw  food  and  know  little 
or  nothing  about  cultivating  the  soil.  Your  water  supply  is 
obtained  from  springs  or  streams.  There  is  no  knowledge  of 
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how  to  keep  in  good  health.  The  cause  of  disease  and  methods 
of  protecting  yourself  from  disease  have  not  been  considered. 
Present-day  clothing  and  building  materials  do  not  exist. 
There  are  no  modern  houses  or  skyscrapers.  Machinery  for 
farming  and  factory  use  has  not  been  invented;  no  farms  or 
factories  exist.  The  use  of  fire  for  manufacturing  materials, 

such  as  iron,  steel,  ce- 
ment, and  glass,  is  yet 
undiscovered.  Dwell- 
ings, such  as  they  are, 
are  neither  heated  nor 
lighted.  They  are  with- 
out furnaces,  gas  or 
electric  lights,  modern 
musical  instruments, 
telephones,  radios,  and 
the  many  other  con- 
veniences and  devices 
which  you  enjoy  in 
your  home  today. 
There  are  no  trains, 
automobiles,  steam- 
ships, or  airplanes  to  carry  you  swiftly  and  safely  from  place 
to  place. 

“What  a strange  world!”  you  say.  It  does  seem  strange 
to  one  who  has  known  only  the  world  of  the  twentieth  cen- 
tury. Yet,  for  centuries  man  lived  in  such  primitive  condi- 
tions. All  sorts  of  strange  imaginings  and  notions  were  his. 
As  the  years  passed,  however,  he  began  to  understand  nature 
better.  Being  able  to  see,  hear,  smell,  taste,  feel,  and,  above 
all,  to  think  and  to  reason  with  himself  and  his  neighbors, 
he  came  to  explain  some  of  nature’s  wonders.  Particularly 
during  the  last  few  centuries  he  has  made  great  progress  in 
his  knowledge  and  use  of  nature’s  materials  and  forces. 

Today,  because  of  the  many  discoveries  and  inventions,  we 
live  in  an  age  of  science.  We  know  something  of  the  place  of 


In  some  parts  of  the  world  people  still  live 
in  most  primitive  fashion,  because  they  do 
not  know  how  to  make  use  of  the  materials 
and  the  forces  of  nature.  (Field  Museum 
of  Natural  History.) 
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the  earth  in  the  universe,  its  movements  and  their  effects, 
and  of  how  the  earth  came  to  be  as  it  is  today.  Climate  and 
weather  are  understood,  at  least  in  part.  A knowledge  of 
farming  allows  us  to  produce  a great  variety  of  foods  which 
we  know  how  to  select,  prepare,  cook,  serve,  and  preserve  in 
different  ways.  A purified  water  supply  can  be  obtained  and 


In  laboratories  and  workshops  all  over  the  world  men  and  women  are 
at  work  studying  and  experimenting  with  the  forces  and  materials  of 
nature,  finding  ways  to  turn  them  to  man’s  use. 


distributed  to  our  buildings,  and  the  dangerous  wastes  and 
sewage  can  be  made  harmless.  The  value  to  health  of  good 
food,  pure  water,  fresh  air,  exercise,  sleep,  rest,  and  proper 
clothing  is  understood,  and  the  causes  and  methods  of  pre- 
vention of  many  diseases  have  been  discovered.  Man  has 
learned  how  to  make  use  of  such  forces  as  fire,  steam,  air, 
water,  electricity,  heat,  light,  and  sound.  Everywhere  we 
see  countless  devices  that  show  further  the  great  difference 
between  the  life  of  today  and  the  life  of  years  past. 

The  field  of  man’s  knowledge  is  so  large  that  it  would 
require  many  years  to  know  thoroughly  only  one  small  por- 
tion of  the  science  of  your  environment.  You  can,  however. 
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by  a careful  study  of  this  book  get  a start  into  the  secrets  of 
science,  learn  something  of  the  scientific  method  of  thinking, 
and  also  develop  an  interest  for  the  further  study  of  some 
particular  science  in  later  years. 

Let  us  get  first  a bird’s-eye  view  of  the  earth  on  which  we 
live  and  of  what  man  has  learned  about  some  of  the  great 

forces  and  materials  of 
nature. 

The  earth  on  which  you 
live  is  but  a small  part  of 
the  great  universe.  Mil- 
lions of  stars  are  scattered 
in  space.  These  stars  are 
really  enormous  bodies  mil- 
lions of  miles  from  the 
earth.  One  of  the  stars, 
the  nearest  to  the  earth,  is 
the  sun — the  centre  around 
which  the  earth  and  eight 
other  planets  revolve.  The 
sun,  planets,  and  moons 
are  the  principal  members 
of  the  solar  system,  or 
sun’s  family.  Of  all  these 
bodies  the  earth  is  most  in- 
teresting to  you  because 
it  is  your  home.  Its  forces  and  materials,  and  the  heat  and 
light  from  the  sun,  make  life  possible;  its  movements  cause 
day  and  night,  the  seasons,  changes  in  time,  weather,  and 
climate;  the  land,  water,  and  air  furnish  you  with  the  essen- 
tials and  comforts  for  your  daily  existence.  To  learn  more 
about  how  the  earth  is  related  to  the  other  bodies  in  the 
universe  will  be  your  problem  in  Unit  I. 

One  who  lives  on  the  earth  today  may  think  that  the  earth 
and  the  other  bodies  of  the  solar  system  have  always  been 
as  they  are  at  the  present  time.  Yet,  if  he  looks  about  him, 


Only  with  the  aid  of  the  telescope  has 
man  been  able  to  discover  the  won- 
ders of  the  universe.  This  great  flaming 
mass,  called  the  Orion  Nebula,  is  mil- 
lions of  miles  from  the  earth  and  mil- 
lions of  miles  across.  In  Unit  I you 
will  learn  what  a nebula  is.  (Under- 
wood and  Underwood.) 
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he  will  observe  that  the  surface  of  the  earth  is  changing 
constantly  through  the  action  of  running  water,  wind,  earth- 
quakes, and  other  forces.  You  probably  have  heard  that  the 
earth  was  formed  millions  of  years  ago  and  that  it  has  been 
changing  through  all  these  years.  This  scientists  believe  to 
be  true.  As  you  study  Unit  II,  you  will  understand  what 


Many  forces  are  constantly  at  work  changing  the  surface  of  the  earth. 
The  tremendous  power  of  moving  water  is  just  one  of  them.  Note  how 
this  rushing  river  has  cut  its  way  through  rock  and  soil.  (©  W.  C. 

Thompson.) 

scientists  believe  is  the  way  in  which  the  earth  and  the  other 
planets  came  into  existence  and  the  facts  which  have  led 
them  to  believe  as  they  do.  You  will  also  consider  how  the 
earth  has  changed  since  its  beginning. 

Two  conditions,  more  than  any  others,  on  this  earth  of  ours 
determine  where  man  lives,  what  he  eats,  the  kind  of  clothes 
he  wears,  the  kinds  of  houses  in  which  he  lives,  his  health, 
and  practically  everything  that  he  has  and  does.  These  two 
conditions,  weather  and  climate,  have  a great  effect  on  your 
life.  Therefore,  in  Unit  III  you  will  discover  that  these 
conditions  depend  upon  the  relation  of  the  earth  to  other 
astronomical  bodies  and  upon  the  air,  water,  and  land  which 
compose  the  surface  of  the  earth  today.  Thus  you  will  see 
that  Units  I,  II,  and  III  are  but  parts  of  the  same  story 
of  science. 
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Man’s  existence  on  the  earth  requires  certain  essential 
materials.  One  of  these  is  food.  Your  food  supply  has  always 
come  from  the  green  plants,  which  are  the  food  factories  of 
the  earth.  Whether  you  eat  the  plant  products  or  the  animals 
which  feed  on  the  plants,  you  must 
depend  upon  the  plants  for  your  daily 
menu.  In  early  times  man  lived  on 
raw  plants  and  animals.  He  had  no 
scientific  way  to  select,  prepare,  or 
preserve  his  food.  As  the  centuries 
passed,  he  learned  to  make  use  of  fire 
for  cooking.  A study  of  the  composi- 
tion of  foods  and  the  uses  which  the 
body  makes  of  the  different  kinds  of 
foods  led  to  a knowledge  of  how  to 
select  that  which  is  best  to  insure  a 
healthy  body.  The  cause  of  decay  of 
foods  and  scientific  methods  of  pre- 
serving and  transporting  foods  were 
also  discovered.  In  Unit  IV  you  will 
consider  how  man  provides  his  food 
supply. 

Another  essential  material  for  life  is 
water.  Without  water  human  beings 
can  live  but  a short  time.  In  primi- 
tive times  communities  were  estab- 
lished where  nature  provided  springs 
or  other  sources  of  fresh  water.  Later, 
water  was  obtained  from  underground  sources  or  from  dis- 
tant lakes  and  rivers.  Today  every  community  has  as  one 
of  its  most  important  problems  that  of  furnishing  its  inhabit- 
ants with  a plentiful  and  pure  water  supply.  Pumps,  reser- 
voirs, pipes,  faucets,  and  hydrants  are  now  in  use.  The 
water  used  for  drinking  purposes  must  be  pure,  that  is,  free 
from  the  germs  which  cause  such  diseases  as  typhoid  fever 
and  cholera.  The  scientific  methods  of  providing  an  abundant 


An  Inca  Indian  of  Peru 
peddling  water  in  his  vil- 
lage from  a cougar-skin 
water  container.  In  many 
parts  of  the  world  people 
depend  upon  such  primi- 
tive methods  of  obtaining 
their  water  supply.  (Her- 
bert photo.) 
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and  pure  water  supply  for  all  purposes  are  so  important  that 
you  will  consider  them  in  Unit  V. 

In  his  efforts  to  understand  and  to  adjust  himself  to  his 
surroundings,  man  has  considered  not  only  the  materials  and 
forces  of  his  environment,  but  he  has  also  found  it  important 
to  know  more  about  his  own  body,  which  needs  to  make 
the  adjustments.  He  has  found  the 
human  body  is  a very  complex  ma- 
chine, which  requires  food,  water, 
and  air.  Man’s  study  of  his  own  body 
has  taught  him  how  it  works,  the 
uses  it  makes  of  the  three  essential 
materials  which  are  taken  into  it 
through  the  mouth  and  nose,  the 
value  and  need  of  exercise,  sleep, 
rest,  and  proper  clothing,  the  care  of 
its  different  parts,  and  first-aid  meas- 
ures in  emergencies.  The  science  of 
keeping  in  good  physical  condition, 
which  you  will  study  in  Unit  VI,  is  a 
subject  which  you  should  understand 
if  you  wish  to  be  healthy,  happy, 
and  efficient. 

In  connection  with  the  care  of  the 
body  we  naturally  think  of  the  dangers  of  disease.  No  dis- 
covery of  man  is  more  important  to  the  welfare  of  the  human 
race  than  that  which  Louis  Pasteur,  a French  scientist,  made 
during  the  latter  part  of  the  nineteenth  century.  It  was  he 
who  first  learned  that  the  real  cause  of  a certain  disease  was 
the  presence  of  germs.  As  a result,  we  know  today  that  most 
diseases  are  caused  by  germs,  and  it  is  possible  to  understand 
in  part  how  the  germs  get  into  our  bodies,  how  they  make  us 
sick,  how  we  may  avoid  the  spreading  of  disease.  How  man 
protects  himself  from  disease  has  thus  become  a scientific 
problem  of  daily  importance;  you  will  study  this  problem 
in  Unit  VI I. 


Colds  di*e 
Coi^qious 


Cover  , 
*your  Sneezes 
and  Coughs 


Keeping  ourselves  and 
others  free  from  disease  is  a 
problem  of  tremendous  im- 
portance to  each  of  us. 
(National  Safety  Council.) 
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In  his  attempts  to  protect  his  body  from  uncomfortable 
and  dangerous  changes  in  weather  and  differences  in  climate, 
man  has  sought  to  provide  clothing  of  various  kinds.  Today, 
proper  methods  of  selecting  and  caring  for  our  clothing  have 
become  a practical  necessity  for  life.  This  is  particularly 

true  in  certain  regions 
where  the  climate  and 
weather  changes  are 
extreme.  Cotton, 
linen,  wool,  and  silk 
furnish  us  with  many 
kinds  of  clothes.  Rub- 
ber, straw,  leather, 
and  paper  are  also 
used.  A knowledge 
of  chemicals  and  their 
actions  has  made  it 
possible  to  bleach, 
to  cleanse,  and  to  dye 
clothing  materials,  as 
well  as  to  manufacture 
new  materials.  Our 
knowledge  of  sanita- 
tion and  our  pride  in  cleanliness  have  resulted  in  our  study 
of  methods  of  keeping  our  clothes  clean.  Why  man  uses 
clothing  and  how  he  cares  for  it  will  be  your  problem  in 


Since  the  days  when  fireplaces  like  this  were 
the  only  provision  for  warmth,  man  has  made 
great  progress  in  his  methods  of  heating  and 
ventilating  buildings. 


Unit  VIII. 


In  his  struggle  with  nature  man  early  learned  how  to  make 
use  of  one  of  her  greatest  gifts,  fire.  Through  a study  of  the 
nature  and  control  of  fire  man  has  found  that  it  can  be  used 
to  cook  his  food,  to  furnish  heat  and  light,  and  to  make  many 
of  his  building  materials  and  tools.  He  has  learned  also  what 
materials  burn,  and  that  air  and  a certain  temperature 
are  necessary  to  cause  burning.  A great  variety  of  uses  of 
fire  has  been  discovered.  Many  kinds  of  fire  materials,  or 
fuels,  are  used.  Man’s  knowledge  of  fire  has  been  one  of  his 
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triumphs  in  understanding  nature.  He  knows  how  to  use  it 
and  also  how  to  prevent  its  dangers.  You  will  learn  more 
about  fuels  and  fire  in  Unit  IX. 

Man  seems  never  to  be  satisfied  with  his  present  conditions 
and  knowledge.  His  desire  for  comfort,  health,  and  efficiency, 
and  his  competition  with  others  have 
caused  him  to  study  and  to  discover 
many  truths  about  nature,  and  to 
perfect  many  new  inventions.  Pro- 
viding heat  and  fresh  air  in  our  build- 
ings have  been  two  great  steps  in 
man’s  progress.  Since  the  early  days 
when  man  sat  around  the  camp  fire 
or  open  fire  to  keep  warm,  great  prog- 
ress has  been  made  in  perfecting  heat- 
ing devices.  What  a change  from  the 
unpleasant  open  fire  in  one  corner  of 
the  room  and  the  smoky  air  within 
the  hut  to  the  modern  steam  or  hot- 
water  heating  plant!  You  will  under- 
stand more  fully  how  man  ventilates 
and  controls  the  temperature  in  his 
buildings  from  your  study  of  Unit  X. 

The  rigors  of  certain  climates  and 
the  changes  in  weather  required  shel- 
ter as  well  as  clothing  for  man’s 
comfort  and  health.  In  primitive 
times  man  lived  in  shelters  made  of  trees  or  earth,  and  used 
for  his  tools  such  crude  devices  as  he  could  make  from  wood 
or  stone.  When,  however,  he  learned  how  to  manufacture 
iron  and  steel  and  other  metals,  he  could  make  tools,  machines, 
and  thousands  of  devices  which  we  use  today.  Wood  and 
stone  could  be  cut  to  any  shape;  lime,  cement,  and  glass 
could  be  manufactured;  fireproof  buildings  could  be  con- 
structed; modern  heating  devices  could  be  made.  Contrast 
our  modern  houses  with  the  shelters  of  primitive  man,  and 


Think  of  the  vast  amount 
of  knowledge,  both  about 
the  kinds  of  building 
materials  and  the  best 
methods  of  construction, 
that  man  must  have  in 
order  to  build  a sky- 
scraper. (Century  photo.) 
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you  will  see  what  science  has  done  for  us  in  providing  mate- 
rials for  and  ways  of  constructing  our  modern  buildings.  It 
will  be  of  unusual  interest  to  you  to  study  in  Unit  XI  the 
different  kinds  of  building  materials  and  how  man  uses  them 
in  construction. 

As  man  came  to  understand  more  clearly  the  nature  of 
the  various  forces  and  forms  of  energy  which  were  a part  of 


Man  utilizes  the  force  of  falling  water  in  running  machinery  to  gener- 
ate electricity.  (Ewing  Galloway.) 


his  environment,  and  as  his  activities  became  more  numerous 
and  more  complex,  he  sought  to  save  his  strength  and  time 
through  the  discovery  and  use  of  tools  and  simple  machines 
for  doing  his  daily  work.  Crude  tools  of  wood,  stone,  and 
bone  were  at  first  the  best  that  man  could  devise.  As  the 
ages  rolled  on,  however,  these  were  replaced  by  all  sorts  of 
metal  tools  and  machines.  Many  of  the  simple  tools  and 
machines  which  use  man’s  own  strength  as  a source  of  “pow- 
er” are  found  in  every  home  and  in  every  factory.  In  Unit 
XII  you  will  have  the  opportunity  to  investigate  how  man 
uses  machines  to  do  his  work. 

Man  has  also  learned  to  save  his  strength  and  time  by 
putting  the  forces  of  nature  to  work.  He  uses  air  pressure  to 
operate  pumps,  siphons,  and  various  simple  devices.  Air  can 
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be  compressed  and  used  to  control  brakes  on  trains  as  well 
as  to  inflate  automobile  tires.  Windmills  have  been  devised 
to  make  use  of  air  in  motion.  Water  has  also  been  put  to 
work  in  running  water  wheels  of  various  kinds  for  the  pur- 
poses of  operating  machines  and  of  generating  electricity. 
The  forces  of  steam  and  exploding  gas  in  steam  and  gasoline 


In  1880,  Swan  and  Edison  drew  a feeble  glow  from  carbon  threads 
enclosed  in  glass  bulbs.  In  1886,  electricity  first  illuminated  streets 
in  Montreal.  Now,  lamps  of  1500  candlepower  are  used  to  turn  the 
night  to  day  on  Sherbrooke  Street,  Montreal.  (Canadian  Genl. 

Electric  Co.) 

engines  saw  our  wood,  cultivate  the  soil,  dig  ditches,  harvest 
the  crops,  make  roads,  propel  our  automobiles,  steamships, 
airplanes,  and  locomotives,  run  all  kinds  of  complicated 
machines  in  factories,  and,  in  many  other  ways,  do  work  for 
us.  How  man  uses  air,  water,  steam,  and  exploding  gas  to 
do  his  work  will  be  an  interesting  problem  for  your  study 
in  Unit  XIII. 

Among  the  forces  which  man  has  come  to  control  and  to 
use  in  his  daily  life  none  is  more  important  and  more  inter- 
esting than  electricity.  This  form  of  energy,  which  exists 
everywhere  in  materials,  can  be  put  to  use  for  heating, 
lighting,  electroplating,  and  running  electric  motors.  How 
electricity  is  generated  and  used  will  furnish  you  with  many 
interesting  problems  in  Unit  XIV. 


XXX 


EVERYDAY  PROBLEMS  IN  SCIENCE 


Fire  and  electricity  have  been  referred  to  as  two  of  the 
most  important  forms  of  energy  which  man  has  used  for 
heat,  light,  and  power.  Through  the  use  of  these  forces  for 
lighting  our  buildings  and  streets,  our  modern  homes,  fac- 
tories, office  buildings,  and  streets  have  become  safer,  more 


The  dependable  methods  of  transportation  that  man  employs  for 
business  and  pleasure  are  the  result  of  centuries  of  experimentation 
and  slow  development,  as  knowledge  of  machinery  and  the  power  for 
running  it  has  increased. 

pleasant,  and  more  comfortable.  Artificial  light  is  only 
another  of  those  great  discoveries  which  have  changed  our 
ways  of  living.  The  use  of  gas  and  electric  light,  as  well  as 
a better  understanding  of  how  to  use  sunlight,  has  con- 
tributed much  to  our  civilization.  In  Unit  XV  you  will 
study  how  man,  through  his  understanding  of  the  nature  of 
light,  has  made  this  form  of  energy  serve  him. 

By  the  use  of  electricity  and  other  forces  man  has  made 
great  progress  in  communicating  with  his  neighbors.  As 
he  came  to  live  in  different  sections  of  a country  and  in 
different  countries,  he  needed  ways  to  communicate  with 
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people  at  a distance.  Think  how  modern  communication 
compares  with  the  crude  methods  of  sending  messages  used 
until  only  a few  score  years  ago.  Today  we  talk  by  long- 
distance telephone  from  one  end  of  the  country  to  the  other, 
or  even  to  foreign  countries,  and  send  wireless  messages 
around  the  earth.  We  listen  to  music  or  speeches  from  London, 
Rome,  and  other  distant  cities.  How  do  these  instruments 
make  use  of  electricity  to  send  our  messages?  In  Unit  XVI 
you  will  come  to  understand  how  man  communicates  with 
his  neighbors  by  modern  scientific  methods. 

One  of  the  very  important  purposes  of  air,  steam,  and 
electric  power*  in  modern  life  is  that  of  transportation  by 
land,  water,  and  air.  Modern  methods  of  transportation 
have  made  it  possible  to  travel  and  to  exchange  all  kinds  of 
materials  with  people  living  in  different  states  and  in  dif- 
ferent countries.  From  the  previous  part  of  this  story  you 
understand  something  of  how  nature’s  great  forces  have  been 
harnessed  by  man.  You  know  that  engines,  motors,  and 
other  devices  furnish  “power”  for  running  machinery  and 
for  transportation  on  land.  In  this  last  unit  of  the  book. 
Unit  XVII,  you  will  consider  the  methods  of  transportation 
which  man  employs. 

If  you  would  know  more  about  the  wonderful  discoveries 
and  inventions  mentioned  in  this  story,  you  must  study  them. 
You  must  read  the  text,  do  the  experiments,  and  test  your 
understanding  by  means  of  the  exercises.  The  scientist  who 
thoroughly  studies  any  problem  constantly  keeps  his  problem 
in  mind,  and  then  by  reading  and  experimenting  he  tries  to 
solve  it.  He  does  not  “jump  to  conclusions,”  nor  is  he  satis- 
fied with  half-knowing.  He  works  carefully  and  accurately 
until  he  feels  sure  that  his  conclusion  or  answer  is  correct.  It 
is  in  this  spirit  that  you  should  study  this  book.  In  the  follow- 
ing section  are  suggestions  to  help  you  as  you  study.  If  you 
observe  these  faithfully,  your  work  will  be  easier,  and  you  will 
complete  the  book  with  knowledge  and  with  understandings 
that  will  be  of  value  during  your  entire  life. 
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How  TO  Study  This  Book 

The  story  which  you  have  just  read  has  acquainted  you 
with  some  of  the  big  ideas  of  science  and  has  given  you  a 
sketch  of  the  seventeen  units  of  this  book.  Each  of  the 
seventeen  unit-problems  is  introduced  by  a set  of  Prelimi- 
nary Exercises.  These  will  help  you  to  recall  what  you  already 
know  about  the  unit,  and  will  aid  you  in  the  study  of  the 
unit.  You  should  do  these  exercises  in  your  science  notebook 
under  the  proper  title,  such  as,  “Preliminary  Exercises  on 
Unit  I.”  Number  your  answers  to  correspond  with  the 
numbers  of  the  exercises.  If  there  are  some  which  you  can- 
not do,  leave  blanks  for  answers  to  be  written  later.  It  will 
be  interesting  to  see  how  many  you  can  do  before  you  study 
the  unit.  Do  your  best,  and  write  your  answers  neatly  and 
clearly.  Your  notebook  will  be  the  record  of  all  your  work. 

After  you  have  done  as  many  preliminary  exercises  as  you 
can,  the  teacher  will  tell  you  the  Story  of  the  unit  or  ask  you 
to  read  it.  This  will  make  clear  to  you  what  the  unit-problem 
is  and  will  raise  many  questions  in  your  mind,  some  of  which 
you  have  never  before  thought  to  ask  yourself  or  others.  Be 
sure  to  study  the  illustrations  in  the  story.  When  you  have 
finished  hearing  or  reading  the  Story  of  the  unit,  write  in 
your  notebook  a “Summary  of  the  Big  Ideas”  included  in 
the  story.  Following  this  summary,  write  all  of  the  questions 
which  have  come  to  your  mind  about  the  subject  of  the  unit; 
use  the  title  “List  of  Questions  on  the  Unit.”  Leave  some 
space  following  these  questions  so  that  you  can  add  others 
as  they  come  to  your  mind.  Most  of  these  questions  will  be 
answered  as  you  proceed. 

You  will  now  be  ready  to  solve  the  problems  in  the  unit. 
These  problems  will  be  a good  test  of  your  ability  to  think 
clearly  and  scientifically.  When  you  begin  a problem,  note 
the  Study  Suggestion,  if  there  is  one.  Read  the  entire  problem 
through,  and  then  go  back  and  study  each  step  carefully. 
You  will  find  under  the  problems  some  reading  materials, 
pictures,  diagrams,  experiments,  and  exercises.  All  of  these 
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are  nothing  more  than  means  of  learning  about  science,  and 
they,  therefore,  will  help  you  to  learn  the  facts  which  you 
need  to  solve  the  problems.  Be  sure  to  study  the  pictures 
carefully,  and  read  the  descriptions  below  them.  These 
descriptions  often  contain  interesting  facts  that  are  not 
found  in  the  regular  reading  matter  of  the  book. 

The  facts  that  you  will  find  in  this  book  are  not  to  be 
memorized,  but  used  to  solve  the  problem.  The  study  sug- 
gestions found  here  and  there  will  help  you  in  doing  the 
different  kinds  of  activities.  Remember  that  all  activities 
are  included  under  the  problems  only  to  furnish  you  with  the 
information  (scientists  say  “data”)  necessary  to  solve  the 
problems.  You  should  always  keep  the  problem  in  mind  and 
not  get  lost  in  the  data.  Remember  only  the  big  ideas.  Look 
up  all  cross-references.  Find  out  the  meaning  and  pronun- 
ciation of  any  new  word  by  turning  to  the  Glossary  at  the 
back  of  the  book.  The  new  terms  which  you  should  know 
are  in  italics. 

Here  and  there  within  the  problems,  under  the  title  Sug- 
gested Activity,  you  will  find  suggestions  for  field  trips,  home 
projects,  and  other  activities.  You  and  your  teacher  will 
decide  whether  it  is  desirable  for  you  to  do  these.  If  done, 
they  provide  additional  data  for  solving  the  problem. 

The  Self-testing  Exercises  which  you  meet  as  you  study  the 
problems  will  give  you  opportunities  to  see  how  well  you 
understand  the  problems.  If  you  cannot  do  them  at  the  first 
attempt,  go  over  the  problem  again,  and,  if  other  books  are 
available,  get  additional  data  from  them.  (In  the  back  of  your 
book  you  will  find  for  each  unit  References  and  Guide  for 
Additional  Study.)  When  you  are  sure  that  you  can  do  the 
exercise,  write  your  report  in  your  notebook  under  the  num- 
ber of  the  exercise,  with  an  appropriate  title  for  the  exercise. 

When  you  have  finished  all  of  the  problems  in  a unit,  turn 
back  to  the  preliminary  exercises  and  complete  all  that  you 
could  not  do  at  the  beginning  of  the  unit.  Also  see  if  you  can 
answer  all  of  the  questions  which  you  wrote  under  “List  of 
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Questions  on  the  Unit.”  If  now  you  are  satisfied  that  you 
can  answer  the  unit-problem  fully  and  satisfactorily,  you 
will  be  asked  to  prepare  a report  on  the  entire  unit.  This 
will  mean  that  you  want  to  see  the  whole  unit  as  one  big 
idea  about  some  phase  of  science.  If  you  cannot  do  this, 
you  may  find  it  helpful  to  read  the  Story  of  the  unit  again. 

If  you  finish  the  unit  ahead  of  your  class  or  if  you  have 
extra  time  outside  of  class,  you  will  be  allowed  to  do  addi- 
tional work.  You  may  do  the  Additional  Exercises  at  the 
end  of  the  unit,  or  you  may  read  additional  books,  maga- 
zines, or  bulletins  listed  for  each  unit  at  the  back  of  the 
book.  The  Additional  Exercises  contain  some  interesting 
things  to  do  as  well  as  some  challenging  questions  to  answer. 
Consult  with  your  teacher  about  your  plans,  and  when  you 
have  completed  your  work,  make  an  oral  or  written  report 
on  your  additional  work  in  such  form  as  you  and  your  teacher 
decide  upon. 

The  real  success  of  your  work  in  science  depends  upon 
several  things: 

(1)  The  thoroughness  with  which  you  do  the  required 
activities  in  each  unit  of  the  course. 

(2)  The  care  and  enthusiasm  with  which  you  complete 
additional  readings,  projects,  and  experiments  suggested. 

(3)  The  ability  to  solve  problems  scientifically. 

(4)  The  interest  in  science  which  you  acquire. 

(5)  The  new  and  better  ways  in  which  you  behave  or  act 
as  a result  of  your  study  of  science. 

(6)  The  enjoyment  which  you  get  in  knowing  more, 
thinking  more  scientifically,  having  new  and  broader  inter- 
ests, seeing  yourself  as  a part  of  the  great  world  in  which  you 
live,  and  acting  more  intelligently  in  everything  that  has  to 
do  with  yourself  and  with  your  environment. 
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UNIT  I 

HOW  IS  THE  EARTH  RELATED  TO  THE 
OTHER  BODIES  IN  THE  UNIVERSE? 

How  to  begin  your  study  of  this  unit.  Do  the  Preliminary  Exer- 
cises below.  These  will  help  you  in  the  later  study  of  the  unit. 
Write  out  as  many  of  the  exercises  in  your  notebook  as  you  can, 
making  a title  for  each.  For  example,  call  Exercise  1 “Heavenly 
Bodies  I Know.”  Follow  the  plan  given  on  page  xxxii  in  the  section, 
“To  the  Student,”  which  you  should  be  sure  to  read. 

Preliminary  Exercises 

1.  Name  as  many  different  kinds  of  heavenly  bodies  as  you  can. 

2.  Make  a list  of  the  nine  planets.  If  you  can,  arrange  them  in 
the  order  of  their  size,  from  largest  to  smallest. 

3.  What  are  the  two  movements  of  the  earth?  How  do  these 
movements  influence  your  life? 

4.  Write  a paragraph  on  the  subject,  “Why  I Believe  the  Earth 
Is  Round.” 

5.  Why  is  it  hotter  in  summer  than  in  winter? 

6.  People  set  their  watches  ahead  or  back  at  certain  places  when 
they  travel  east  or  west.  Why  do  they  do  so? 

7.  Write  a paragraph  on  “The  Nature  of  the  Solar  System.” 

8.  Why  do  you  believe  that  the  earth  rotates  on  its  axis? 

9.  Why  do  you  believe  that  the  earth  revolves  around  the  sun? 

10.  What  is  the  difference  between  a star  and  a planet? 

The  Story  of  Unit  I 

There  are  many  people  who  think  of  astronomy,  that  is, 
the  study  of  the  heavenly  bodies,  as  a subject  that  has  no 
practical,  everyday  use.  True,  they  say,  it  is  interesting, 
but  of  what  use  is  it  to  know  about  bodies  which  are  so  far 
away?  These  same  people  would  probably  consider  the 

1 


2 


EVERYDAY  PROBLEMS  IN  SCIENCE 


Fig.  1.  This  telescope  at  the  Dunlop  Observatory  near  Toronto  is 
used  to  photograph  the  stars.  When  the  telescope’s  mirror  was  made, 
it  took  a year  and  a half  just  to  polish  it. 


date  of  their  birthday  (on  which  they  usually  receive  a pres- 
ent) and  the  dates  of  holidays  as  important  events  in  their 
lives.  If  it  were  not  for  astronomy,  however,  they  would  have 
no  way  of  telling  when  these  events  were  again  to  occur.  Our 
present  calendar  is  the  result  of  many  years  of  patient  obser- 
vation of  the  heavenly  bodies  and  their  movements. 

Apparently  man  has  always  been  interested  in  the  heavenly 
bodies.  For  thousands  of  years  he  did  not  understand  what 
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they  were.  He  thought  of  the  sun  as  a god,  and  worshipped 
it.  The  stars  and  moon  were  thought  of  as  lesser  gods  who 
obeyed  the  commands  of  the  sun.  These  lesser  gods,  in  turn, 
ruled  the  destinies  of  the  people  on  earth.  Even  today  there 
are  primitive  tribes  of  people  who  believe  that  the  heavenly 
bodies  are  gods.  It  was  probably  not  more  than  three  thou- 
sand years  ago  that  man  began  to  study  the  heavenly  bodies. 
Some  individuals,  more  curious  than  others,  observed  that 
the  positions  of  some  of  the  bodies  in  the  sky  changed  from 
time  to  time.  So  they  began  to  map  the  heavens  to  show  the 
location  of  certain  groups  of  stars  and  to  discover  the  nature 
of  their  movements.  Many  years  of  patient  observation  were 
necessary  before  man  found  that  there  was  a certain  regular- 
ity in  the  movements  of  the  heavenly  bodies.  Just  what  these 
movements  are  and  how  they  affect  life  upon  the  earth  you 
will  learn  in  this  unit. 

The  early  studies  of  the  bodies  in  the  sky  presented  no  rea- 
sons or  explanations  for  the  facts  which  were  collected.  It 
was  thought  that  they  were  due  to  some  mysterious  or 
supernatural  causes.  The  men  {astrologers,  as  they  were 
called)  who  collected  these  facts  were  able  to  predict  the 
coming  of  the  seasons,  eclipses  of  the  sun  and  moon,  and 
other  astronomical  events.  They  were  therefore  regarded 
as  servants  of  the  gods,  and  acquired  great  power.  Because 
of  their  ability  to  predict  astronomical  events,  it  was  believed 
that  they  could  also  see  into  the  future  life  of  individuals. 
The  positions  of  certain  stars  on  a person’s  birthday  were 
believed  to  control  his  future  life.  This  belief  was  almost 
universally  held  for  more  than  two  thousand  years.  Strange 
to  say,  there  are  people  living  today  who  believe  in  astrology, 
that  is,  in  the  influence  of  the  stars  upon  human  events. 
There  is,  however,  no  more  foundation  in  scientific  fact  for 
believing  in  astrology  than  there  is  for  believing  that  bad 
luck  will  follow  if  a black  cat  crosses  one’s  path. 

As  time  went  on,  some  men  began  to  search  for  natural 
causes  to  explain  the  movements  of  the  heavenly  bodies. 
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They  were  not  satisfied  with  merely  knowing  that  we  have 
alternate  periods  of  daylight  and  darkness,  that  we  have 
four  seasons  in  a year,  that  the  days  are  longer  in  summer 
than  in  winter,  and  many  other  events  of  this  character; 

they  wanted  to  know  why.  Men 
from  many  countries  and  at 
widely  separated  times  attempt- 
ed to  answer  these  questions. 
They  proposed  many  different 
explanations.  In  1608  an  inven- 
tion was  made  which  started 
astronomy  on  the  way  to  solving 
its  problems.  Hans  Lippershey, 
a Dutch  spectacle-maker,  dis- 
covered that  if  two  lenses  were 
placed  at  some  distance  apart, 
they  would  enlarge  or  magnify 
distant  objects.  This  was  the 
beginning  of  the  telescope.  When 
Galileo,  an  Italian  scientist, 
heard  of  this  discovery,  he  made 
a telescope,  or  “optik  tube,”  as 
he  called  it,  which  magnified  distant  objects  three  times. 
When  he  turned  his  telescope  on  the  heavenly  bodies,  he 
saw  what  no  man  had  ever  before  seen. 

In  this  unit  we  shall  learn  some  of  the  things  which  man 
has  discovered  concerning  the  nature  of  the  world  in  which 
we  live.  For  example,  scientists  believe  our  sun  is  a star, 
similar  to  the  other  thousands  of  stars  which  you  can  observe 
on  a clear,  moonless  night.  Why  does  it  appear  so  much 
larger  than  the  other  stars?  How  do  we  know  that  the  earth 
is  shaped  like  a ball?  How  do  we  know  that  it  rotates  on  its 
axis  and  revolves  around  the  sun?  How  can  the  rotation  of 
the  earth  on  its  axis  be  used  as  a clock?  Why  do  the  other 
planets  shine?  Are  the  other  planets  inhabited?  Why  does 
the  moon  appear  to  change  its  shape?  What  is  the  cause  of 


Fig.  2.  Galileo  Galilei  (1564- 
1642),  one  of  the  great  scientific 
thinkers  of  all  time. 
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eclipses  of  the  sun  and  moon?  These  questions  and  others 
have  been  the  subject  of  man’s  investigation  for  thousands  of 
years.  In  this  unit  you  will  find  the  answers.  You  will  know 
more  about  the  universe  in  which  we  live  than  the  wisest 
man  of  three  or  four  hundred  years  ago. 

Problem  1 : What  Is  the  Nature  of  the  Earth 
AND  Its  Movements? 

Study  Suggestion.  You  already  know  a great  many  facts  about 
the  earth.  The  purpose  of  this  problem  is  not  to  present  a large 
number  of  additional  facts.  Its  purpose  is  to  give  you  a general 
picture  of  the  earth  and  the  way  it  moves.  Once  you  have  a clear 
idea  of  the  earth  and  its  movements,  it  will  be  easy  to  understand 
the  nature  and  movements  of  the  other  heavenly  bodies.  As  you 
read  the  study  material,  try  constantly  to  get  a picture  of  how 
the  earth  looks  and  what  it  does. 

What  is  the  earth?  It  is  very  difficult  for  an  individual 
standing  upon  the  earth  to  understand  just  what  kind  of 
body  the  earth  is,  and  what  the  nature  of  its  movements 
is.  The  earth  is  so  large  that  we  can  see  only  a very  small  por- 
tion of  it  at  any  one  time.  Since  we  are  part  of  the  earth  and 
go  wherever  it  goes,  we  are  not  aware  of  its  movements  through 
space. 

If  we  could  make  a journey  around  the  world  in  a dirigible, 
such  as  the  Graf  Zeppelin,  we  would  have  a fairly  complete 
idea  of  the  nature  of  the  earth’s  surface.  We  would  see  that 
the  solid  part  of  the  earth  takes  on  various  forms,  such  as 
continents,  islands,  mountains,  plateaus,  valleys,  and  plains. 
In  our  journey  we  would  also  cross  over  that  part  of  the 
earth’s  surface  which  is  covered  with  water.  We  would  see 
oceans,  seas,  lakes,  and  rivers.  All  of  the  time  we  were 
travelling  we  would  be  moving  in  air  which  surrounds  the 
earth.  This  layer  of  air,  the  atmosphere,  has  been  estimated 
to  be  from  fifty  to  two  hundred  miles  in  depth.  Ordinarily, 
we  think  of  the  earth  as  the  ground  we  stand  on.  When  a 
scientist  speaks  of  the  earth,  he  is  referring  not  only  to  the 
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solid  part  of  the  earth  but  also  to  the  water  surface  and  to  the 
air  around  the  earth. 

How  is  the  earth  lighted?  Now  let  us  Imagine  that  we  have 
travelled  far,  far  out  into  space  millions  of  miles  and  are  look- 
ing at  this  mass  of  water,  solid  materials,  and  air  which  we  call 

the  earth.  No  longer 
could  we  distinguish 
its  continents  and 
oceans.  It  would  ap- 
pear only  as  a lighted 
body.  Why  would 
this  be  so?  You  know 
that  the  earth  does 
not  give  off  light  it- 
self; if  it  did,  there 
would  be  no  periods 
of  darkness  on  it. 
The  sun  and  the 
other  stars  are  light- 
giving bodies,  but 
the  earth  is  not.  You 
yourself  do  not  give 
off  light.  In  a totally 
dark  room  you  are 
invisible.  When  an 
electric  lamp  is  turned  on,  the  light  from  it  falls  on  you;  and 
you  reflect  some  of  this  light  to  the  eyes  of  others.  They  are 
thus  able  to  see  you  because  you  reflect  the  light  from  the 
lamp.  Likewise,  the  earth  is  visible  only  because  it  reflects  the 
light  of  the  sun. 

Why  do  scientists  believe  that  the  earth  is  a sphere?  It 
is  commonly  said  that  the  earth  is  round.  If  you  were  to 
travel  from  one  point  in  any  direction  on  the  surface  of  the 
earth,  you  would  travel  around  a circle  and  return  to  the 
starting-point.  The  earth,  therefore,  must  be  shaped  like  a 
ball.  Such  a form  is  known  as  a sphere.  Actually,  the  earth 


ATMOSPHERE 


WATER 


■ . ^ 


Fig.  3.  A slice  through  the  earth.  The  pic- 
ture greatly  exaggerates  the  depth  of  the  air 
and  the  unevenness  of  the  surface.  In  pro- 
portion to  its  size  the  earth  is  as  smooth  as 
the  peel  of  an  orange. 


RELATION  OF  EARTH  TO  UNIVERSE 


7 


is  not  a perfect  sphere;  it  is  flattened  somewhat  at  the  poles. 
No  one,  of  course,  has  been  able  to  get  far  enough  away 
from  the  earth  to  see  it  as  a whole.  We  can  therefore  only 
determine  what  its  shape  is  through  inference  from  the  ob- 
served facts.  That  is,  we  can  make  observations  of  as  many 
kinds  as  possible,  and  then  we  can  decide  what  shape  the 
earth  must  be  in  order  to  explain  the  facts  that  we  have  ob- 
served. Let  us  see  what  facts  tend  to  show  that  the  earth  is 
a sphere. 

V ^cn  a vessel  goes  to  sea,  it  disappears  gradually;  that  is, 
ijioL  the  lower  parts  of  the  vessel  are  lost  to  view,  and  finally 
the  upper  parts.  At  a distance  of  four  miles  the  lower  five 
feet  of  the  vessel  are  out  of  sight  to  an  observer  whose  eye 
is  five  feet  above  the  water.  One  such  observation  would 
not  of  course  prove  that  the  earth  was  a sphere.  But  it 
has  been  found  that  wherever  man  goes,  objects  disappear 
at  the  same  rate.  That  is,  at  a distance  of  four  miles  the 
lower  five  feet  of  the  object  are  invisible  if  the  eye  of  an  ob- 
server is  five  feet  above  the  level  of  the  sea,  wherever  the 
observation  is  made.  This  indicates  that  the  curvature  of 
the  earth  is  practically  the  same  at  all  points  and  in  all  direc- 
tions. The  only  kind  ot  body  which  has  the  same  curvature  in 
all  directions  is  a sphere;  hence  we  must  conclude  that  the 
earth  is  a sphere. 

Other  facts  also  confirm  this  idea.  You  remember  that  the 
earth  receives  light  and  heat  from  the  sun.  What  effect  does 
its  shape  have  upon  the  energy  received? 

Experiment  1.  How  much  of  the  earth  can  receive  light  from 
the  sun  at  any  given  time?  (a)  Obtain  a tennis  ball  and  a flashlight. 
Pash  a straight  wire  or  knitting  needle  about  six  to  eight  inches  long 
through  the  centre  of  the  ball. 

(b)  Darken  the  room.  Place  the  flashlight  on  a table  about  four 
feet  away.  Hold  the  tennis  ball  in  the  beam  of  light.  How  much 
of  the  tennis  ball  is  lighted?  Turn  the  tennis  ball  in  different  posi- 
tions. Does  the  position  of  the  ball  affect  the  part  of  the  ball 
which  is  lighted? 
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Experiment  1 shows  clearly  that  but  one-half  of  the  ball  can 
be  lighted  at  one  time.  If  the  earth,  like  the  tennis  ball,  is  a 
sphere,  it  is  evident  that  at  any  one  time  half  of  its  surface  will 
be  lighted,  and  half  will  be  dark.  This  condition,  as  you  know, 
actually  occurs.  Therefore  the  earth  must 
be  a sphere. 

Still  another  result  of  the  spherical  shape 
of  the  earth  is  that  the  sun  shines  almost 
straight  down  near  the  equator,  but  near 
the  poles  at  the  same  time  its  rays  are 
quite  slanting.  The  sun  is  so  far  away  from 
the  earth  that  its  rays  are  practically  par- 
allel. If  the  surface  of  the  earth  were  flat, 
they  would  strike  at  the  same  angle  every- 
where. Only  on  a curved  surface  could  the 
angles  at  which  the  rays  strike  be  different 
at  different  places  (Figure  4).  Later  we 
shall  learn  how  this  fact  affects  the  amount 
of  heat  and  light  received  on  each  square 
foot  of  surface  where  the  rays  are  slanting. 

Why  do  objects  fall  toward  the  earth? 
Wherever  we  go  on  the  surface  of  the 
earth,  we  find  what  we  call  the  earth  be- 
neath us  and  the  sky  above  us.  If  we  could 
dig  a hole  straight  through  the  centre  of 
the  earth  so  that  we  could  see  the  people 
on  the  other  side,  we  would  witness  a 
strange  thing.  These  people  would  appear 
to  be  upside  down.  Ordinarily,  if  we  look  down  on  people,  we 
see  the  tops  of  their  heads.  If  we  looked  down  through  the  hole 
in  the  earth,  we  would  see  the  bottoms  of  the  feet  of  those  on 
the  other  side.  “Down”  to  a person  is  toward  the  earth,  and 
“up”  is  toward  the  sky.  It  makes  no  difference  where  the 
person  is.  Why  this  is  true  you  can  easily  see.  If  you  walked 
a thousand  miles,  you  would  not  be  aware  of  the  fact  that  you 
were  walking  around  a huge  ball,  because  the  earth  is  so  large. 


Rays  striking  flat  surface 


Fig.  4.  Rays  strik- 
ing a flat  surface 
form  equal  angles. 
Rays  striking  a 
curved  surface 
form  angles  of  dif- 
ferent sizes.  Scien- 
tists can  measure 
the  angles  at  which 
the  sun’s  rays  strike 
the  earth. 
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If  you  continued  to  walk  in  the  same  direction,  you  would 
travel  around  the  earth  and  never  know  that  you  had  walked 
around  a curved  surface. 

To  understand  why  the  earth’s  surface  is  always  down  to 
us,  we  need  some  further  explanation.  It  is  a commonly 
observed  fact  that  if  an  object  is 
lifted  and  then  released,  it  will  fall 
toward  the  ground.  “All  that  goes 
up  must  come  down  on  somebody’s 
head  or  crown’’  is  more  than  a 
nursery  rime.  Objects  fall  toward 
the  earth  because  they  are  attracted 
or  pulled  by  the  earth.  The 
attraction  is  called  gravity,  or 
the  gravitational  pull  of  the  earth. 

What  gravity  is  has  not  yet  been 
explained.  We  are  sure  that  such 
a force  exists,  because  it  explains  so 
many  of  the  things  that  we  see  hap- 
pening about  us,  and  because  there 
are  no  known  facts  to  disprove  it. 

But  the  earth  is  not  the  only  body 
that  attracts  other  bodies.  Every 
body  in  the  universe  attracts  every 
other  body  in  the  universe.  This 
is  known  as  the  law  of  universal 
gravitation.  You  and  I are  bodies. 

We  attract  the  earth,  the  moon, 
the  stars,  other  people,  the  school 
building,  in  fact,  every  other  body 
in  the  universe.  Perhaps  you  wonder  why  objects  do  not  move 
toward  us  as  they  do  toward  the  earth.  They  do  not  do  so 
because  we  are  composed  of  such  a small  quantity  of  matter. 
We  do  exert  an  attraction  for  them,  but  this  pull  is  very  slight 
and  is  not  sufficient  to  cause  objects  to  move  toward  us.  The 
attraction  or  gravitational  pull  of  an  object  depends  upon 


Fig.  5.  A recently  invented 
instrument  for  measuring  the 
gravitational  pull  of  the 
earth.  The  scale  is  so  deli- 
cate that,  no  matter  how  hot 
or  cold  it  may  be,  it  varies 
less  than  one  millionth  of  one 
millimetre.  (Globe  photo.) 
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its  mass,  that  is,  upon  the  amount  of  materials  or  matter  in 
the  body. 

Through  the  use  of  very  delicate  instruments  it  is  possible 
to  measure  the  gravitational  pull  of  bodies.  One  such  experi- 
ment is  carried  out  with  a huge  ball  of  lead  weighing  several 
tons  and  a small  gold  ball.  The  lead  ball  will  attract  or  pull 
the  gold  ball  toward  it  a very  small  distance.  This  distance 
can  be  measured.  In  this  way  it  has  been  possible  to  deter- 
mine how  much  attraction  is  exerted  by  a certain  quantity 
of  matter.  The  pull  exerted  by  the  lead  ball  can  then  be 
compared  with  the  pull  exerted  by  the  earth,  and  the  quan- 
tity of  matter  which  composes  the  earth  can  be  determined. 
For  example,  if  the  lead  ball  exerts  a certain  pull,  it  can  be 
calculated  how  many  tons  of  matter  the  earth  must  be  com- 
posed of  in  order  that  it  may  exert  the  pull  which  it  does. 
Using  this  method  of  experimentation,  scientists  have  calcu- 
lated that  the  earth  is  composed  of  over  six  thousand  million 
trillion  tons  of  matter. 

The  attraction  of  the  earth  for  bodies  upon  its  surface 
explains  many  observed  facts.  It  explains  how  the  blanket 
of  air  is  held  around  the  surface  of  the  earth.  Some  of  the 
planets  do  not  have  this  air-covering  because  they  are  too 
small  to  exert  the  pull  necessary  to  keep  the  air  from  passing 
out  into  space.  This  attraction  explains  why  objects  have 
weight.  It  explains  why  the  water  surface  of  the  earth  is 
level,  and  why  streams  flow  downhill  to  the  ocean.  It  even 
explains  why  the  earth  is  a sphere.  Can  you  see  why?  It  is 
possible  to  defy  the  pull  of  the  earth  temporarily.  One  can 
leap  into  the  air  by  using  one’s  energy  to  overcome  the  pull 
of  the  earth,  but  in  the  end  gravity  will  bring  one  back  to 
earth  again.  We  shall  see  as  we  study  further  that  many 
things  that  we  see  happening  constantly  about  us  can  be  ex- 
plained by  the  law  of  gravitation. 

What  movements  does  the  earth  make?  If  we  could  get 
far  enough  away  from  the  earth,  we  would  see  it  as  it  really  is — 
a huge  ball  floating  in  space.  Perhaps  the  first  thing  that  we 
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would  notice  would  be  that  it  was  moving.  Since  it  is  so  far 
away,  it  would  not  appear  to  be  going  at  a very  rapid  speed. 
Actually,  however,  it  is  hurtling  across  the  sky  at  the  rate  of 
eighteen  and  one-half  miles  per  second  or  66,600  miles  per  hour. 
At  this  speed  one  could  travel  from  Montreal  to  Winnipeg,  a 
distance  of  1400  miles,  in  just  over  a minute  and  a quarter. 
If  we  watched  the  earth  for  a long  time,  we  would  see  that  it 
was  travelling  in  a huge  circle,  that  is,  revolving,  around  the  sun. 
The  path,  or  orbit,  of  the  earth  around  the  sun  is  six  hundred 


Fig.  6.  How  the  earth  constantly  rotates,  or  spins,  on  its  axis  and  at 
the  same  time  revolves  around  the  sun. 


million  miles,  and,  as  you  know,  the  earth  travels  this  dis- 
tance in  365^  days. 

Not  only  is  the  earth  moving  along  its  orbit  at  a tre- 
mendous speed.  It  is  also  whirling  around  at  the  same  time; 
that  is,  it  is  rotating.  The  centre  around  which  it  rotates 
is  an  imaginary  line  called  its  axis.  If  you  will  walk  in  a 
circle  around  some  object  and  at  the  same  time  keep  turning 
around  as  you  move  forward,  you  will  have  a general  idea 
of  these  two  movements.  The  speed  at  which  the  earth  rotates 
is  also  very  great.  The  circumference,  that  is,  the  distance 
around  the  earth  at  the  equator,  is  about  twenty-five  thou- 
sand miles.  Therefore,  the  surface  of  the  earth  at  the  equa- 
tor must  travel  a distance  of  25,000  miles  every  time  the 
earth  makes  a complete  rotation.  Since  the  earth  makes  a 
complete  rotation  every  twenty-four  hours,  its  outer  surface 
must  be  rotating  at  a speed  of  over  a thousand  miles  per  hour. 
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Now  stop  a minute  and  try  to  see  in  your  mind’s  eye  this 
huge  ball  (the  earth)  hurtling  through  space  in  a never- 
ending  journey  around  the  sun  and  at  the  same  time  spin- 
ning like  a top  as  it  moves  forward.  It  is  difficult  for  us  to 
believe  that  this  is  what  is  happening;  but,  as  you  shall  see 
later,  these  movements  must  take  place.  If  they  did  not,  we 
could  not  explain  the  facts  which  scientists  have  collected  con- 
cerning the  earth. 

Self-testing  exercise  1.  (a)  Why  do  you  believe  that  there  is  a 
force  such  as  gravity? 

(b)  Explain  the  difference  between  the  two  terms  revolution  and 
rotation,  as  they  are  applied  to  the  movements  of  the  earth. 

Problem  2:  What  Is  the  Nature  of  the  Solar  System? 

Study  Suggestion.  You  have  already  been  introduced  to  the 
solar  system  in  your  geography  course.  You  know  that  the  solar 
system  consists  of  the  sun  and  the  bodies  which  revolve  or  circle 
around  it.  In  this  problem  you  will  discover  the  answer  to  many 
questions  which  have  puzzled  you.  For  example.  How  hot  is  the 
sun?  Does  life  exist  on  the  other  planets?  Why  do  not  the  planets 
bump  into  each  other?  Why  does  the  moon  appear  to  change  its 
shape?  It  is  a good  idea  to  make  a list  of  the  questions  about  the 
solar  system  that  you  would  like  to  have  answered.  This  will  give 
you  something  definite  to  look  for  as  you  study. 

What  is  the  nature  of  the  sun?  Although  the  sun  is  more 
than  ninety  million  miles  away  from  us,  it  makes  its  presence 
known  on  earth.  In  fact,  to  the  inhabitants  of  the  earth  it 
is  the  most  important  body  in  the  universe.  We  could  get 
along  without  the  stars,  the  moon,  and  the  other  heavenly 
bodies,  but  without  the  sun  life  could  not  exist  on  the  earth. 
That  the  sun  sends  us  heat  and  light  is  known  to  everyone. 
That  the  sun  is  also  the  source  of  the  energy  necessary  in  the 
manufacture  of  our  food  and  is  the  source  of  all  the  power 
we  use  to  run  our  machines  is  not  so  well  known.  In  later 
units  you  will  learn  how  the  sun  supplies  us  with  so  much 
energy. 
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Compared  with  the  earth  our  sun  is  an  enormous  body.  Its 
diameter  is  about  110  times  as  great;  it  weighs  over  300,000 
times  as  much;  and  it  occupies  over  1,000,000  times  as 
much  space.  As  you  would  expect,  it  is  very  hot;  in  fact,  it 
is  hotter  than  anything  you  can  imagine.  At  its  surface  its 
temperature  is  probably  10,000 
degrees  F.,  and  it  is  estimated 
that  in  its  interior  the  tempera- 
ture must  be  about  seventy  mil- 
lion degrees.  Of  course,  at  this 
temperature  nothing  could  exist 
in  the  form  of.a  solid  or  a liquid. 

The  sun  must  therefore  consist 
of  gases.  The  temperature  is  so 
high  that  these  gases  are  heated 
to  the  point  where  they  give  off 
light;  that  is,  they  become  in- 
candescent. How  hot  the  sun 
really  is  and  how  much  light  it 
gives  off  can  be  appreciated  to 
some  extent  when  we  think  how 
hot  and  how  light  it  can  make 
the  earth,  which  is  over  ninety  million  miles  away  from  it. 

The  surface  of  the  sun  is  continually  the  seat  of  monstrous 
storms,  much  more  violent  than  the  storms  to  which  we  are 
accustomed.  Photographs  of  the  sun  show  that  great  vol- 
umes of  glowing  gases  are  shot  off  into  space  for  thousands 
of  miles.  Seen  from  the  earth,  these  great  storms  appear  as 
dark  patches,  or  sun  spots.  It  is  well  for  the  earth  that  it  is 
many  millions  of  miles  away  from  the  sun.  One  such  storm 
would  scatter  the  earth  into  tiny  particles  if  it  were  near 
enough.  It  is  around  this  seething,  whirling  mass  of  incan- 
descent gases  that  the  earth  and  the  other  bodies  of  the  solar 
system  revolve. 

What  are  the  characteristics  of  the  planets?  Circling 
around  the  sun  will  be  found  other  bodies  similar  in  some 


Fig.  7.  This  photograph  taken 
during  an  eclipse  of  the  sun  shows 
flaming  eruptions  from  the  sun’s 
surface.  (Yerkes  Observatory) 
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respects  to  the  earth.  From  the  earth  these  bodies,  or 
planets,  appear  as  tiny  spots  of  light  moving  among  the 
stars.  Through  the  use  of  scientific  apparatus  it  has  been 
possible  to  determine  the  temperatures  of  the  different 


Fig.  8.  The  sun  and  its  family.  The  sizes  of  the  planets  and  their  paths 
around  the  sun  are,  of  course,  not  in  proper  proportion.  Pluto,  farthest 
from  the  sun,  was  discovered  on  January  21,  1930. 


planets  and  also  the  presence  or  absence  of  an  atmosphere, 
or  air-covering.  These  facts  will  now  be  presented,  and 
from  them  you  will  be  able  to  answer  for  yourself  the  ques- 
tion, “Does  life  exist  upon  the  other  planets?” 

Let  us  examine  first  some  of  the  data  that  are  presented  in 
Table  1.  In  the  first  column  are  shown  the  distances  of 
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the  planets  from  the  sun.  Since  all  of  the  planets  vary  in 
distance  from  the  sun,  it  is  evident  that  they  cannot  receive 
the  same  amount  of  energy  from  the  sun.  Experiments  have 
shown  that  if  one  object  is  twice  as  far  away  from  a source  of 
light  as  another  object  of  the  same  size,  it  will  receive  only 
one-fourth  as  much  light  as  the  nearer  body.  Saturn,  which  is 
a little  over  nine  times  as  far  from  the  sun  as  the  earth,  will 


TABLE  1.  Information  About  the  Solar  System 


Bodies 

Distance 
FROM  Sun 
(in  millions 
of  miles) 

Diameter 

IN  Miles 

Revolution 

Around 

Sun 

Rotation  on 
Axis 

Weight 
(compared 
to  equal  vol- 
ume of 
water) 

Sun 

Mercury.  . 

36 

864,392 

3,009 

88  days 

25  days 

87days23hrs.(?) 

1.50 

4.50 

Venus. . . . 

67 

7,701 

225  days 

224.7  days  (?) 

4.85 

Earth 

93 

7,918 

365j4  days 

23  hrs.  56  min. 

5.53 

Mars 

142 

4,339 

687  days 

24  hrs.  37  min. 

3.58 

Jupiter.. . . 

483 

88,392 

llpi  yrs. 

9 hrs.  53  min. 

1.25 

Saturn .... 

886 

74,163 

29)^  yrs. 

10  hrs.  15  min. 

.63 

Uranus.  . . 

1,782 

30,193 

84  yrs. 

10  hrs.  42  min. 

1.44 

Neptune.  . 

2,792 

34,823 

164^  yrs. 

15  hours 

1.09 

Pluto 

3,673  (?) 

Less  than 

247.7  yrs. 

unknown 

unknown 

Planetoids. 

200  to  300 

10,000  (?) 
20  to  300 

3 to  7 yrs. 

unknown 

unknown 

The  moon . 

93 

2,163 

365  K days 

27.6  days 

3.50 

thus  receive  only  about  one-eightieth  as  much  energy  per 
square  foot  as  the  earth.  Mercury,  the  planet  nearest  the  sun, 
is  thought  to  turn  its  same  side  toward  the  sun  all  of  the 
time.  It  has  been  estimated  that  the  temperature  of  this  side 
is  about  662°F.  At  this  temperature  lead  would  be  melted. 
The  other  side  must  be  intensely  cold,  probably  hundreds  of 
degrees  below  zero.  Venus  is  nearer  the  sun  than  the  earth 
is;  so  its  temperature  during  the  day  must  be  higher  than 
that  on  earth.  The  length  of  the  days  and  the  nights  on 
Venus  is  thought  to  be  several  weeks;  so  it  probably  becomes 
very  hot  during  the  long  days  and  below  zero  during  the 
long  nights.  Mars  has  a lower  temperature  than  the  earth. 
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Fig.  9.  The  picture  gives  some  idea  of  the  immensity  of  the  sun  as 
compared  with  the  planets.  The  diameters  of  all  the  planets  put 
together  equal  less  than  one  third  the  diameter  of  the  sun. 


It  is  probable  that  its  temperature 
never  rises  above  50°F.  in  the  region  of 
its  equator.  Its  nights  must  be  well 
below  the  freezing  temperature.  Jupi- 
ter, Saturn,  Uranus,  Neptune,  and  the 
newly  discovered  planet,  Pluto,  are  so 
far  from  the  sun  that  their  tempera- 
tures must  be  more  than  200°  below  zero 
even  during  the  daytime. 

It  is  evident  from  the  data  presented 
in  the  preceding  paragraph  that  there 
are  only  two  planets  other  than  the 
earth  upon  which  life  might  exist,  that 
is,  life  as  we  know  it  on  earth.  Scientists 
believe  that  Mars  has  an  atmosphere. 
This  atmosphere  is  probably  less  dense 
than  that  found  on  the  top  of  our  high- 
est mountains.  It  is  impossible  for  man 
to  live  on  the  tops  of  these  high  moun- 
tains because  there  is  an  insufficient 
oxygen  supply.  There  is  a little  water 
vapor  in  the  air  around  Mars,  but  prob- 
ably less  than  is  found  in  the  air  above 


Fig.  10.  The  white  polar 
cap  on  Mars  appears 
and  disappears  at  dif- 
ferent seasons.  Just 
what  it  is  scientists 
have  not  determined. 

(Yerkes  Observatory) 


Fig.  11.  Saturn,  the 
beautiful  planet.  The 
rings  are  great  numbers 
of  very  small  satellites 
revolving  around  the 
planet.  (Yerkes  Ob- 
servatory) 
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our  deserts.  Taking  these  facts  into  consideration,  as  well 
as  the  facts  concerning  its  temperature,  it  is  very  doubtful 
if  living  things  resembling  human  beings  exist  on  Mars.  It 
has  been  very  difficult  to  obtain  facts  about  Venus,  because 
it  is  apparently  surrounded 
with  clouds  most  of  the 
time.  It  is  thought,  how- 
ever, that  there  is  not 
enough  oxygen  in  the  air  to 
sustain  life. 

Self-testing  exercise  2. 

From  a study  of  Table  1 an- 
swer the  following  questions: 

(a)  What  is  the  order  of  size 
of  the  nine  planets? 

(b)  What  are  the  names  of 
the  planets  in  the  order  of  their 
distance  from  the  sun? 

(c)  Which  is  the  heaviest 
planet  for  its  size? 

{d)  If  you  travelled  100  miles 
per  hour  for  24  hours  each  day 
in  an  airplane  and  could  fly 
from  the  earth  to  the  sun,  how 
many  years  would  it  take  you 
to  reach  the  sun? 

(e)  How  many  bodies  as  big 
as  the  earth  would  have  to  be  placed  side  by  side  to  make  a string  as 
long  as  the  diameter  of  the  sun? 

(/)  How  much  longer  does  it  take  Jupiter  to  revolve  around  the 
sun  than  it  takes  the  earth? 

What  bodies  other  than  planets  belong  to  the  solar  sys- 
tem? Planets  are  not  the  only  bodies  which  are  circling 
around  the  sun.  At  the  present  time  about  1100  small 
planets,  or  planetoids,  have  been  discovered.  That  this  does 
not  represent  the  total  number  is  well  known.  New  plan- 
etoids are  discovered  at  frequent  intervals.  Occasionally 


Fig.  12.  A comet  is  a mass  of  very  thin 
glowing  gases.  In  this  photograph  the 
stars  appear  as  streaks  because  the 
camera  had  to  be  kept  moving  to 
catch  the  comet.  (Yerkes  Observatory) 
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a body  with  an  enormous  head,  often  millions  of  miles  in 
diameter,  and  with  a tail  many  million  miles  in  length  will 
be  seen.  These  comets  appear  for  short  periods;  then  they 
disappear  for  a long  time.  They 
travel  around  the  sun  in  paths  which 
are  not  circular,  but  of  the  shape 
shown  in  Figure  8,  and  are  visible 
only  when  they  are  near  the  earth. 

One  may  also  see  at  night  other 
kinds  of  bodies,  meteors,  or  ^‘snoot- 
ing stars.”  They  are  not  real  stars, 
but  small  bodies  which  fah  from 
space  into  the  air-covering  of  the 
earth.  As  they  pass  through  the 
air,  they  become  very  hot  because 
cf  the  resistance  of  the  air;  they 
can  be  seen  f rom  the  earth  because 
they  give  off  light  when  hot.  Some- 
times they  “burn  up  and  la.'  to 
the  earth  as  dust.  Often  they  fall 
as  solid  lumps  which  vary  greatly 
in  size.  Some  are  no  larger  than 
marbles ; others  weigh  several  tons. 

In  our  description  of  the  solar 
system,  that  is,  the  sun  and  the 
bodies  which  move  around  it,  we  must  not  forget  the  satellites, 
or  moons.  The  moons  revolve  around  the  planets  in  a fashion 
somewhat  similar  to  that  in  which  the  planets  revolve  around 
the  sun.  Since  the  planets  are  travelling  around  the  sun, 
it  is  evident  that  the  moons  which  circle  the  planets  are  also 
carried  on  the  orbit  around  the  sun.  Not  all  of  the  planets  have 
satellites;  at  least,  if  they  do  exist,  they  have  not  been  dis- 
covered. Figure  8 shows  the  moons  which  have  been  discovered. 

Why  does  the  moon  appear  to  change  its  shape?  Because 
of  its  great  interest  to  the  inhabitants  of  the  earth,  let  us  now 
study  in  detail  the  moon  which  accompanies  the  earth  on 
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its  trip  around  the  sun.  Because  it  is  only  240,000  miles 
away,  it  looks  as  large  as  the  sun,  but  it  is  really  only  2163 
miles  in  diameter  and  weighs  only  one-eightieth  as  much  as 
the  earth.  You  could  not  live  on  the  moon,  for  there  are  on 
it  no  air,  no 
water,  no  soil, 
no  plants,  and 
no  animals.  The 
surface  is  solid 
rock.  When 
viewed  through 
a telescope,  it 
appears  very 
rough,  with  high 
mountain  - like 
projections  and 
with  large  holes 
like  the  craters 
of  volcanoes. 

The  moon  has 
two  important 
movements.  It 
travels  around  the  sun  in  its  orbit,  and  as  it  does  so,  it  moves 
back  and  forth  across  the  orbit  of  the  earth,  as  shown  in  the 
upper  part  of  Figure  14.  This  back-and-forth  movement  and 
its  change  in  speed  at  different  parts  of  its  orbit  cause  it  to 
revolve  around  the  earth.  If  viewed  from  far  out  in  space, 
the  earth  and  moon  would  be  seen  moving  along  as  shown 
in  the  upper  part  of  Figure  14.  But  when  they  are  observed 
from  the  earth,  the  moon  appears  to  move  as  shown  in  the 
lower  part  of  the  picture. 

Experiment  2.  How  does  the  moon  move  around  the  earth? 

Draw  a large  circle  several  feet  in  diameter.  Imagine  that  the  sun 
is  at  the  centre  of  the  circle  and  that  the  earth  revolves  around  it 
along  the  circumference  of  the  circle.  Place  a large  ball  or  orange 
on  the  circumference  to  represent  the  earth.  Now  obtain  a small 


What  Really  Happens 

FullMoon 


What  Appears  to  Happen  as  Seen  from  the  Earth 


Fig.  14.  As  the  earth  revolves  around  the  sun, 
the  moon  is  carried  along  with  it  while  it  revolves 
around  the  earth. 
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ball  or  a marble  to  represent  the  moon.  Have  the  earth  and  moon 
in  the  positions  shown  at  the  right  of  the  upper  part  of  Figure  14. 
Now  move  the  earth  along  the  circumference  of  the  circle  (its  orbit), 

and  at  the  same  time 
move  the  moon  along 
its  orbit  as  shown  in  the 
figure.  Note  that  the 
moon  is  actually  revolv- 
ing around  the  earth  as 
you  proceed  to  the  dif- 
ferent positions  of  the 
earth  and  moon  as  rep- 
resented in  Figure  14. 

From  your  experi- 
ment and  your  study 
of  Figure  14  you  can 
imagine  the  earth  and 
moon  in  space,  mov- 
ing around  the  sun. 
You  see  the  earth 
making  one  revolu- 
tion in  365}^  days, 
and  the  moon  going 
along  with  the  earth 
like  a true  satellite. 
However,  the  moon 
travels  in  its  own  or- 
bit around  the  sun 
and  thus  makes  a 
complete  turn  around 
the  earth  once  every 
twenty-seven  and  one  third  days.  From  the  earth  you  see  the 
moon  rise  and  set  as  the  earth  rotates.  If  you  note  the  time 
when  the  moon  rises,  you  will  find  that  it  rises  about  fifty 
minutes  later  each  night. 

An  interesting  thing  about  the  moon  is  its  apparent  change 
in  shape.  It  sometimes  appears  round,  sometimes  like  a very 
thin  crescent,  and  at  other  times  like  a quarter-circle. 


Fig.  15.  On  the  outer  circle  you  see  that  the 
half  of  the  moon  which  is  toward  the  sun  is 
always  lighted.  The  inner  circle  shows  the 
shape  of  the  lighted  part  as  it  appears  to  one 
on  the  earth  at  different  times  of  the  month. 


RELATION  OF  EARTH  TO  UNIVERSE 


21 


This  change  is  only  apparent;  that  is, 
the  shape  merely  seems  to  change.  The 
moon,  like  the  planets,  does  not  give 
light  of  its  own,  but  reflects  the  light 
of  the  sun.  The  half  of  the  moon  that 
faces  the  sun  is  always  lighted,  but  is 
not  always  visible  from  the  earth.  If 
all  of  the  surface  of  the  moon  which 
faces  the  earth  could  always  be  seen, 
the  moon  would  appear  round  or  full 
at  all  times.  An  experiment  in  a dark 
room  will  show  how  it  appears  in  differ- 
ent shapes,  or  phases. 

Experiment  3.  Why  does  the  moon  ap- 
pear to  change  its  shape?  Obtain  a candle 
and  a tennis  ball,  which  are  to  be  used  to 
represent  the  sun  and  the  moon,  respec- 
tively. You  are  to  represent  the  earth. 
Place  the  lighted  candle  on  a table  or 
stand.  With  your  back  to  the  candle  hold 
the  ball  (the  moon)  in  your  outstretched 
hand,  high  enough  above  your  head  to 
allow  the  light  to  strike  the  ball.  What 
part  of  the  ball  is  lighted  by  the  candle 
(the  sun)?  Now  turn  around  slowly  from 
right  to  left,  keeping  the  ball  in  front  of 
you  and  slightly  above  your  head  so  that 
the  light  will  strike  it.  Observe  what  part 
of  the  ball  is  lighted  as  you  turn.  Repeat 
your  turn,  stopping  at  every  one-eighth 
turn  and  drawing  the  shape  of  the  lighted 
part  of  the  ball.  Do  you  get  the  shapes 
shown  in  the  inner  circle  of  Figure  15? 


Fig.  16.  How  the  sun 
and  moon  are  eclipsed. 
In  August,  1932,  the 
moon  caused  a total 
eclipse  of  the  sun  along 
a path  in  eastern  Can- 
ada and  New  England. 


At  certain  times  it  happens  that  the  earth  gets  directly 
between  the  sun  and  moon,  in  the  position  indicated  by  the 
X in  Figure  16.  The  shadow  of  the  earth  then  hides  the 
moon  from  our  view,  and  we  have  an  eclipse  of  the  moon,  or 
a lunar  eclipse.  Or  the  moon  may  come  between  the  earth 
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and  the  sun.  If  the  shadow  of  the  moon  strikes  the  earth,  it 
hides  all  or  a part  of  the  sun,  producing  a solar  eclipse. 

Why  do  the  bodies  in  the  solar  system  move  regularly 
in  definite  orbits?  If  you  have  followed  the  description  of 
the  solar  system  which  has  been  given  to  this  point,  you 
should  be  able  to  see  a huge  central  body  which  gives  off 
light  and  heat,  the  sun.  Travelling  at  tremendous  speeds  in 
nearly  circular  paths  are  nine  planets  ranging  in  diameter 
from  approximately  2700  miles  to  more  than  86,000  miles. 
The  nearest  planet  to  the  sun  is  36,000,000  miles  away,  and 
completes  its  period  of  revolution  in  eighty-eight  days.  The 
farthest  planet  from  the  sun  is  about  four  thousand  million 
miles  away,  and  requires  about  250  years  to  complete  its 
journey  around  the  sun.  More  than  a thousand  other  small 
planets  and  comets  are  also  members  of  the  sun’s  family. 
And  around  certain  of  the  planets,  one  or  more  moons  are 
constantly  circling. 

Perhaps  the  picture  which  you  have  seems  to  be  one  of 
confusion.  You  may  wonder  how  these  bodies  keep  from 
getting  in  the  way  of  one  another.  However,  if  you  will  recall 
the  vast  distances  between  these  bodies,  you  will  see  that 
the  chances  of  bumping  into  one  another  are  very  small.  As 
a matter  of  fact,  there  is  no  confusion  at  all.  It  is  a picture 
of  order  and  regularity  which  cannot  be  duplicated  upon 
the  earth.  Each  body  travels  in  its  own  path  at  a definite 
rate  of  speed.  An  astronomer  can  calculate  where  a certain 
planet  will  be  one  hundred  years  from  now.  If  he  were  to 
point  his  telescope  toward  that  spot  in  the  sky,  and  if  the  tele- 
scope were  left  undisturbed,  another  astronomer  a hundred 
years  from  now  at  the  exact  time  would  find  the  planet  in  focus. 
To  make  the  picture  even  more  complex,  the  sun  is  also  moving 
in  a definite  path  at  the  rate  of  twelve  miles  per  second  and  is 
carrying  with  it  the  other  bodies  in  the  solar  system. 

The  preceding  paragraphs  present  certain  facts  which 
have  been  gathered  by  scientists.  The  whole  picture  of  the 
movements  of  the  heavenly  bodies  shows  a most  marvellous 
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regularity  of  movement.  Year  after  year,  century  after 
century,  these  movements  have  been  going  on  and  will  con- 
tinue to  go  on.  Nothing  is  more  certain  than  that  during 
the  next  week  the  earth  will  rotate  on  its  axis  a certain 
number  of  times  and  will  travel  a certain  distance  of  its  path 
around  the  sun.  These  are  the  facts.  Now  what  is  the  ex- 
planation? Why  do  these  bodies  move  so  regularly? 


Fig.  17.  The  pull  of  gravity.  Even  a rifle  bullet  shot  parallel  to  the 
ground  begins  to  drop  the  instant  it  leaves  the  muzzle  of  the  gun,  in 
spite  of  its  terrific  forward  movement. 

To  solve  the  question  which  has  been  raised,  it  will  be 
necessary  to  present  certain  other  facts.  If  you  throw  a ball 
parallel  to  the  ground,  it  will  describe  a path  like  that  shown 
in  Figure  17.  As  a matter  of  fact,  a ball  dropped  at  the 
same  time  will  reach  the  ground  at  the  same  moment  as  the 
ball  which  is  thrown.  This  is  because  gravity  is  pulling  on 
both  bodies  so  that  they  move  toward  the  earth  at  the 
same  speed.  If  it  were  not  for  the  pull  of  gravity,  a ball 
thrown  in  the  air  would  continue  to  travel  outward  into 
space  in  a straight  line  unless  some  other  force  stopped  it. 
If  you  roll  a ball  on  level  ground,  it  will  travel  in  a straight 
line  and  finally  stop.  If  you  roll  a ball  on  a level  floor,  it 
will  also  travel  in  a straight  line;  but  it  will  probably  roll 
farther  on  the  smooth  surface  than  on  the  ground.  One  of 
the  laws  which  has  been  discovered  concerning  the  move- 
ment of  objects  is  that  once  started,  they  will  continue  to 
keep  moving  unless  they  are  stopped  by  some  other  force. 
Furthermore,  they  will  continue  to  move  in  a straight  line 
unless  some  force  makes  them  move  differently. 
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Now  let  us  see  how  these  laws  help  us  to  understand  the 
movements  of  the  bodies  around  the  sun.  In  the  first  place, 
these  bodies  move  in  a curved  path.  According  to  our  law, 
they  will  not  move  in  a curved  path  unless  some  force  is 
constantly  acting  upon  them  to  make  them  move  in  this 

fashion.  For  thousands  of 
years  no  reason  coul^  be 
assigned  to  this  movement. 

It  remained  for  the  great 
mind  of  Sir  Isaac  Newton 
to  extend  the  idea  of 
gravitation  to  apply  not 
only  to  the  earth  and  the 
objects  upon  it,  but  also 
to  the  earth  and  the  re- 
mainder of  the  universe.  If 
we  assume  that  the  sun  has 
a gravitational  pull  on  the 
planets,  we  can  easily  un- 
derstand why  these  bodies 
travel  in  a curved  path. 
The  pull  of  gravity  of  the 
sun  acts  just  as  if  there 
were  a rubber  band  at- 
tached from  the  sun  to  the 
planet.  The  planet  is  mov- 
ing forward,  but  the  rubber 
band  keeps  up  a constant  pull  and  prevents  it  from  moving 
in  a straight  line.  The  result  is  a curved  path.  If  the  band 
were  cut  (that  is,  if  the  attraction  of  the  sun  were  to  cease), 
the  planet  would  continue  on  its  way  in  a straight  line.  The 
gravitational  pull  exerted  by  the  sun,  combined  with  the 
tendency  of  bodies  to  move  in  a straight  line,  offers  a complete 
explanation  of  why  the  planets,  planetoids,  comets,  and 
satellites  move  in  regular  paths  around  the  sun. 

An  interesting  example  of  how  gravitation  actually  oper- 
ates to  determine  the  paths  of  the  planets  is  shown  by  the 


Fig.  18.  Sir  Isaac  Newton  (1642-1727) 
experimenting  with  light  rays.  Newton, 
born  the  year  Galileo  died,  devoted  his 
life  to  much  the  same  sort  of  study  that 
Galileo  pursued.  In  addition  to  his 
great  work  in  making  known  the  law  of 
gravitation,  he  improved  the  telescope 
and  discovered  invaluable  facts  regard- 
ing light  rays.  (Brown  Brothers) 
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discovery  of  Neptune.  In  1781  Sir  William  Herschel,  astrono- 
mer to  George  III,  discovered  the  planet  Uranus.  Astron- 
omers studied  this  planet  and  mathematically  calculated  its 
path,  or  orbit,  around  the  sun.  Actual  observation  of  the 
planet  showed,  however,  that  it  did  not  follow  this  path 
exactly,  and  it  was  finally  decided  that  some  unknown  planet 
must  be  pulling  on  Uranus  to  cause  it  to  follow  the  path  it  did. 
Jean  Joseph  Leverrier,  a French  astronomer,  calculated  where 
this  planet  should  be.  He  sent  the  following  message  to 
Johann  Galle,  of  the  Berlin  Observatory:  “Direct  your  tele- 
scope to  a point  on  the  ecliptic  in  the  constellation  of  Aquarius, 
in  longitude  32b°,  and  you  will  find  within  a degree  of  that 
place  a new  planet.”  These  directions  probably  do  not  mean 
much  to  you,  but  to  an  astronomer  they  are  as  simple  as  “turn 
to  your  left  at  the  next  corner.”  Within  half  an  hour  Galle 
discovered  the  planet  Neptune.  Thus,  through  understanding 
of  the  forces  which  control  the  planets,  it  was  possible  to  dis- 
cover a planet  which  no  one  had  ever  seen. 

Self-testing  exercise  3.  (a)  Refer  to  the  diagrams,  tables,  and 

reading  material,  and  make  a list  of  the  ways  in  which  planets  differ 
from  each  other. 

(b)  Write  as  clear  an  explanation  as  you  can  of  why  the  bodies 
in  the  solar  system  move  in  definite  paths  around  the  sun. 

Problem  3:  What  Is  the  Nature  of  the  Universe? 

Study  Suggestion.  In  Problems  1 and  2 we  have  studied  the 
earth  and  its  relations  to  the  solar  system.  In  this  problem  we 
shall  consider  the  place  of  the  solar  system  in  the  universe.  In 
order  that  you  may  understand  how  vast  the  universe  is,  it  has 
been  necessary  to  include  many  figures  to  show  the  number  of 
bodies  in  the  universe  and  the  distances  of  these  bodies  from  one 
another.  It  is  not  necessary  or  desirable  to  memorize  these  figures. 
Your  real  task  is  to  exercise  your  imagination  so  that  you  may 
get  a picture  of  the  vastness  of  this  world  in  which  we  live. 

What  is  the  nature  of  the  stars?  Let  us  begin  our  study 
of  the  universe  by  an  examination  of  the  sky  at  night.  On 
a clear,  moonless  night  about  three  thousand  stars  are  visible 
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to  the  naked  eye.  With  the  huge  telescope  at  The  Dunlop 
Observatory,  about  fifteen  hundred  million  can  be  distin- 
guished, and  this  is  only  a small  fraction  of  the  total  number. 

In  earlier  times  men  grouped  the  stars  into  constellations 
or  outline  pictures  of  men,  beasts,  and  weapons  (Figure 
19).  For  each  constellation  they  told  an  interesting  story, 
or  myth.  While  we  do  not  today  believe  the  stories  which 


Fig.  19.  Constellations  of  the  Northern  Hemisphere.  Many  interesting 
stories  are  told  about  these  and  other  figures  which  men  of  ancient  times 
imagined  they  could  see  in  the  heavens. 


they  told,  we  do  retain  their  names  for  the  constellations 
and  for  most  of  the  stars.  These  constellations  are  easily 
located,  and  through  knowing  them  you  can  find  the  prin- 
cipal stars. 

In  order  to  know  the  stars  you  must  have  some  way  of 
locating  them.  You  must  keep  in  mind  that  the  constellations 
appear  to  turn  around  the  North  Star,  or  Polaris,  or  rather 
around  a centre  near  the  North  Star,  if  you  wish  to  find  them 
at  any  time  of  the  year.  Those  in  the  northern  sky  near  Po- 
laris are  always  visible  in  the  Northern  Hemisphere. 

To  find  the  North  Star,  start  at  the  Big  Dipper.  The  two 
stars  A and  B in  Figure  20,  on  the  side  of  the  bowl  opposite 
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the  handle,  are  called  the  pointers.  Imagine  a line  drawn 
through  these  two  stars,  starting  at  the  bottom  of  the  bowl 
and  extending  beyond  the  Dipper  five  times  the  distance 


Fig.  20.  The  constellations  which  may  be  seen  during  the  fall  of  the  year 
in  the  Northern  Hemisphere  are  outlined  and  named  in  this  figure.  The 
numbers  in  parentheses  indicate  some  of  the  brightest  stars,  as  follows: 
(1)  North  Star,  or  Polaris,  (2)  Capella,  (3)  Vega,  (4)  Arcturus,  (5)  Antares, 
(6)  Altair,  (7)  Fomalhaut. 


between  the  pointers,  and  you  come  to  the  North  Star,  which 
is  about  as  bright  as  the  pointers.  The  North  Star  is  the  end 
star  of  the  handle  of  the  Little  Dipper,  a group  of  seven  stars 
in  Ursa  Minor.  If  you  imagine  yourself  following  the  line 
from  the  Big  Dipper  to  the  North  Star,  and  then,  when  you 
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reach  the  North  Star,  turning  to  the  left,  you  can  easily  find 
the  Little  Dipper. 

A third  constellation  near  by  is  Cassiopeia  (kas  i 6 pe'y®), 
the  queen  on  her  chair.  To  find  her,  draw  a line  from  the 
middle  of  the  handle  of  the  Big  Dipper  to  the  North  Star 
and  extend  it  as  far  beyond  as  the  distance  from  the  Big 
Dipper  to  the  North  Star.  Here  you  find  a “W”  shaped 
group  of  five  bright  stars,  which  form  the  chair  on  which  the 
queen  is  seated. 

From  the  map  showing  the  constellations  you  can  work  out 
the  location  of  any  of  the  other  constellations,  such  as  Per- 
seus (pQr'sus),  the  son  of  Jupiter,  Auriga  (6  ri'ga),  the  chario- 
teer, Bootes  (bo  o'tez),  the  bear  driver,  Hercules,  the  warrior, 
and  Draco  (dra'ko),  the  dragon.  After  you  find  the  prin- 
cipal constellations,  you  can  locate  the  bright  stars,  num- 
bered in  Figure  20,  by  the  names  below  the  figure. 

You  have  probably  already  concluded  that  this  earth  of 
ours,  while  it  is  of  great  importance  to  its  inhabitants,  is 
after  all  a rather  minor  body  when  compared  in  size  to  the 
major  planets  and  the  sun.  One  of  the  reasons  why  astron- 
omy made  little  progress  in  ancient  times  was  because  man 
believed  that  the  earth  was  the  centre  of  the  universe.  Be- 
cause he  himself  lived  upon  it,  he  believed  that  it  was  the 
most  important  body  in  the  world.  Let  us  see  if  this  idea 
is  correct. 

Our  sun,  as  you  probably  already  know,  is  a star,  and 
only  a medium-sized  star  at  that.  It  appears  so  much  larger 
to  us  than  the  other  stars,  because  it  is  the  closest  to  us.  The 
volume  of  our  sun  is  about  one  million  times  that  of  the 
earth.  The  volume  of  one  of  the  large  stars,  Betelgeuse 
(bet  el  gfiz'),  is  twenty-seven  million  times  that  of  our  sun. 
There  are  undoubtedly  thousands  of  millions  of  stars  much 
larger  than  our  sun.  Many  others  are  smaller  than  our  sun. 
Some  are  so  hot  that  they  look  bluish  white;  others  look  yel- 
low like  our  sun,  and  a few  are  only  hot  enough  to  have  a red- 
dish appearance. 
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The  nearest  star  to  the  earth  is  Alpha  Centauri  (sen  t6'ri), 
which  is  about  25,000,000  million  miles  away.  When  an 
astronomer  speaks  of  the  distance  to  stars,  he  generally 
expresses  this  distance  in  terms  of  light  years,  a light  year 
being  the  distance  which  light  travels  in  one  year.  Light 


Fig.  21.  Seen  through  a telescope,  a small  part  of  the  sky  shows  count- 
less stars,  some  of  which  appear  to  be  arranged  in  clusters.  This 
picture  shows  a star  group  that  has  been  named  the  North  American 
constellation.  (W.  Thompson  photo.) 

travels  approximately  186,000  miles  per  second.  To  compute 
how  far  it  travels  in  one  year,  you  would  need  to  multiply 
the  following  figures:  60X186,000X60X24  (this  will  give 
the  distance  it  travels  in  one  day)  X 36534  (the  number  of 
days  in  a year).  Alpha  Centauri  is  4.27  light  years  away.  If 
you  will  actually  multiply  these  figures,  you  will  get  a better 
understanding  of  how  many  miles  away  Alpha  Centauri  is. 
Ordinarily,  on  the  surface  of  the  earth  we  see  an  event  at  the 
moment  it  takes  place,  because  the  speed  of  light  is  so  great. 
Actually,  however,  the  light  which  comes  from  Alpha  Centauri 
left  the  star  4.27  years  ago.  The  North  Star  is  466  light 
years  away.  The  distances  between  the  stars  and  the  sizes 
of  the  stars  are  so  great  that  we  cannot  even  imagine  them. 
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What  is  the  plan  of  arrangement  of  the  stars?  For  a great 
many  years  scientists  have  wondered  if  there  were  any  plan 
of  architecture  to  the  universe.  Were  the  stars  just  scattered 
here  and  there  by  chance,  or  was  there  a definite  system  of 
arrangement?  Let  us  see  what  they  have  discovered.  You 

have  probably  seen  the 
Milky  Way.  It  appears 
as  a faint  hazy  band  of 
white  which  stretches 
from  horizon  to  horizon. 
It  completely  encircles 
the  earth  and  divides 
the  sky  into  two  halves. 
When  powerful  tele- 
scopes were  invented,  it 
was  discovered  that  the 
Milky  Way  really  con- 
sists of  millions  of  stars 
at  so  great  a distance 
from  the  earth  that  they 
appear  as  a band  of  light 
rather  than  as  separate 
stars.  Further  observa- 
tion showed  that  the 
number  of  stars  thins  out  as  the  distance  from  the  Milky  Way 
increases.  This  indicates  some  definite  plan  of  arrangement. 

Astronomers  now  believe  that  stars  are  grouped  into  sys- 
tems, or  galaxies,  shaped  in  general  like  a watch  or  a discus, 
that  is,  circular,  and  thicker  at  the  centre  than  at  the  edge. 
The  number  of  stars  in  the  galaxy  to  which  we  belong  has 
been  variously  estimated  as  being  from  30,000  million  to 
100,000  million.  As  a member  of  this  galaxy,  the  earth  pos- 
sesses little  significance.  In  fact,  the  whole  solar  system,  of 
which  the  earth  is  a part,  is  but  one  star,  the  sun,  with  its 
planets  and  satellites.  Every  star  in  the  galaxy  may  be  part  of 
a system  like  our  solar  system. 


Fig.  22.  Millions  of  miles  in  diameter  and 
whirling  at  a terrific  speed,  this  great 
spiral  nebula  is  a galaxy  of  stars,  similar 
to  our  own  galaxy.  (Yerkes  Observatory) 
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So  far  we  have  spoken  only  of  the  galactic  system  to  which 
we  belong.  Far  out  in  space  the  telescope  discloses  irregular 
glowing  masses  of  material,  spiral  nebulce  (Figure  22).  Pow- 
erful telescopes  show  that  these 
nebulae  are  in  reality  other  gal- 
axies of  stars,  or  are  galaxies  in 
the  process  of  development.  The 
Great  Nebula  in  Andromeda 
(andrdm^eda)  is  about  1,000,- 
000  lightyears  away  (Figure  23). 

It  is  no  wonder  that  it  appears 
as  a hazy  cloud  of  light.  About 
two  million  of  these  extra  galac- 
tic nebulae  have  been  discovered. 

When  we  consider  that  each  of 
these  two  million  nebulae  is  com- 
posed of  thousands  of  millions 
of  stars,  and  that  beyond  these  millions  of  nebulae  there  may 
well  be  several  million  more,  each  consisting  of  a family  of 
stars,  we  can  get  a faint  idea  of  the  extent  of  the  universe  in 
which  we  live.  Try  to  imagine  the  galaxy  in  which  we  live 
with  its  thousands  of  millions  of  stars  separated  in  space  by 
millions  or  billions  of  miles.  Then  imagine,  if  you  can,  two 
million  more  galaxies  like  our  own.  If  you  can  do  this, 
you  will  have  some  idea  of  the  vast  extent  and  of  the  stu- 
pendous number  of  bodies  which  make  up  the  universe  in 
which  you  live. 

Self-testing  exercise  4.  (a)  How  long  would  it  take  an  air- 

plane travelling  at  an  average  speed  of  one  hundred  miles  per  hour 
to  travel  to  the  nearest  star?  To  the  Great  Nebula  in  Andromeda? 

(6)  Express  as  briefly  as  you  can  the  relationships  of: 

1.  The  moon  to  the  earth. 

2.  The  earth  to  the  solar  system. 

3.  The  solar  system  to  the  galaxy. 

4.  The  stars  to  the  galaxy. 

5.  The  galaxy  to  the  universe. 
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Problem  4:  What  Effects  Do  the  Movements  of 
THE  Earth  and  Other  Heavenly  Bodies 
Have  upon  the  Earth? 

Study  Suggestion.  In  Problems  1 and  2 you  learned  about  the 
movements  which  the  earth,  the  other  planets,  and  the  moon 
make.  In  this  problem  you  will  learn  why  scientists  believe  that 
these  movements  are  made.  If  the  movements  are  what  scientists 
believe  them  to  be,  there  should  be  certain  effects  upon  the  earth. 
In  other  words,  if  these  movements  were  not  made,  different  con- 
ditions should  exist  on  the  earth.  When  you  complete  your  study 
of  this  problem,  you  should  be  able  to  see  why  scientists  believe 
that  the  earth  rotates  on  its  axis,  why  its  plane  of  rotation  is  in- 
clined at  an  angle  of  233^°  to  the  plane  of  revolution,  and  why  we 
have  different  seasons  during  each  year. 

What  effect  does  the  rotation  of  the  earth  have  upon  the 
earth?  In  Experiment  1 it  was  shown  that  the  earth  must  be 
a sphere,  since  only  one-half  of  it  is  lighted  at  a given  time. 
As  you  know  from  experience,  we  have  alternate  periods  of  day- 
light and  darkness.  This  result  must  be  the  effect  of  some 
movement  of  the  earth  or  sun;  otherwise,  one  part  of  the 
earth  would  always  be  dark,  and  the  other  part  would  always 
be  light.  This  effect  could  be  caused  by  the  revolution  of  the 
sun  around  the  earth.  Men  of  olden  times  believed  that  the 
sun  did  revolve  around  the  earth,  but  we  now  know  that  this 
is  not  the  case. 

Another  explanation  of  the  alternate  periods  of  daylight  and 
darkness  is  that  the  earth  rotates  on  its  axis.  One  reason  for 
believing  that  this  is  true  is  found  in  the  shape  of  the  earth. 
When  scientists  began  to  study  the  shape  of  the  earth  very 
carefully,  they  found  that  it  was  bulged  out  at  the  equator 
and  drawn  in  at  the  poles.  This  fact  can  be  explained  by  the 
rotation  of  the  earth  on  its  axis. 

Experiment  4.  How  does  the  rotation  of  the  earth  cause  it  to  be 
slightly  flattened  at  the  poles?  Secure  a large  cork  and  push  a long, 
slender  nail  or  a knitting  needle  into  the  centre  of  the  smaller  end. 
Adjust  the  cork  on  its  axis  until  it  turns  evenly  when  you  hold  the 
axis  in  the  fingers  of  one  hand,  and  spin  it  with  the  other.  Now 
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cut  two  strips  of  fairly  stiff  notebook  paper  ten  or  twelve  inches 
long  and  one  inch  wide.  Bend  the  two  strips  into  circles  and  fasten 
them  on  the  larger  end  of  the  cork  with  two  pins  as  shown  in 
Figure  24.  A third  pin  thrust  through  the  upper  parts  of  the  two 
loops  will  make  the  apparatus  work  better.  Now  hold  the  axis  in 
your  hands  and  spin  the  paper  circles  as  steadily  as  you  can. 
How  does  the  spinning  change  the  shape 
of  the  paper  circles? 

The  earth  is  flattened  at  the  poles 
for  the  same  reason  that  the  paper 
circles  were  flattened  out  when  you 
caused  them  to  rotate.  The  part  of 
the  earth  at  the  equator  tends  to 
fly  outward  more  strongly  because  it 
is  really  moving  more  rapidly,  and 
thus  the  earth  is  drawn  in  a little  at 
the  poles.  Really  the  flattening  is 
relatively  much  less  than  occurs 
with  the  paper  circles,  the  diame- 
ter of  the  earth  being  only  about 
twenty-six  miles  less  from  pole  to 
pole  than  it  is  from  the  equator  on 
one  side  to  the  equator  on  the  other. 

Nevertheless,  this  fact  is  one  of 
the  best  proofs  that  the  earth  is 
rotating  on  its  axis.  Day  and  night  and  the  tides  might  be 
caused  by  the  movement  of  the  sun,  moon,  and  stars  around 
the  earth,  yet  the  flattening  of  the  earth  at  the  poles  could 
not  well  be  accounted  for  without  rotation. 

The  most  regular  movement  of  any  body  that  we  know  is 
the  rotation  of  the  earth  on  its  axis.  It  varies  less  than  one 
one-hundredth  of  a second  in  a thousand  years  when  meas- 
ured by  the  stars.  This  movement  is,  therefore,  the  best 
clock  in  the  world,  and  it  is  actually  used  to  keep  correct 
time.  The  rotation  of  the  earth  is  used  as  a clock  in  the 
following  way:  A telescope  is  set  in  a true  north  and  south 
line,  that  is,  on  a meridian,  and  the  exact  time  when  the  sun 


Fig.  24.  Apparatus  for 
Experiment  4. 
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appears  in  the  telescope  is  recorded.  This  is  noon.  The  time 
which  elapses  until  the  sun  again  appears  is  a day. 

The  earth  rotates  from  west  to  east.  This  you  know  from 
your  own  observation.  Just  imagine  yourself  on  a huge  ball 
which  is  rotating.  As  you  turn  toward  the  east,  the  sun 
appears  over  the  eastern  horizon.  As  you  keep  on  turning, 
the  sun  finally  disappears  over  the  western  horizon  because 
the  part  of  the  earth  west  of  you  comes  between  you  and  the 

sun.  Since  the  earth  ro- 
tates from  west  to  east, 
it  is  evident  that  the 
sun  will  appear  in  the 
eastern  provinces  of  Can- 
ada before  it  does  in  the 
western  part.  When  it 
is  noon  in  Nova  Scotia 
and  New  Brunswick 
(that  is  when  the  sun  is 
directly  south),  it  will 
be  before  noon  on  the 
prairies. 

Since  it  is  25,000  miles 
around  the  earth  at  the 
equator,  and  since  it 
takes  24  hours  for  the 
earth  to  make  one  ro- 
tation, the  time  must 
vary  one  hour  for  a little 
over  1000  miles,  or  about  one  minute  for  17  miles,  at  the 
equator.  In  the  latitude  of  fifty  degrees  north  (50°  N.),  or 
approximately  the  latitude  of  Winnipeg,  Man.,  a distance  of 
about  eleven  miles  makes  a difference  of  one  minute  in 
time;  that  is,  in  a town  100  miles  east  it  is  noon  about  nine 
minutes  earlier.  Why  is  there  17  miles  difference  per  minute 
at  the  equator  and  only  11  to  12  miles  difference  at  50°  N.? 

If  every  town  kept  its  own  time,  there  would  be  great 


Fig.  25.  Longitude  is  measured  in  degrees 
east  or  west  of  the  meridian  which  passes 
through  Greenwich,  called  the  prime 
meridian.  Latitude  is  measured  in  degrees 
north  and  south  of  the  equator.  What 
are  the  longitude  and  latitude  where  you 
live?  At  the  North  Pole? 
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confusion.  Therefore,  on  the  insistent  advice  of  Sir  Sandford 
Fleming,  the  famous  Canadian  engineer,  Canada  adopted 
standard  time  the  night  of  November  18th,  1883,  and  most  of 
the  countries  of  the  world  accepted  the  same  scheme  at  a 
conference  in  Washington  in  1884.  By  the  system  of  standard 
time  all  places  east  and  west  within  one  half-hour  of  the  local 
time  of  a certain  meridian  adopt  the  local  time  of  the  meridian. 


Fig.  26.  Each  time  belt  extends  about  7J4  degrees  east  and  west  of  its 
meridian.  This  meridian  is  exactly  15  degrees  from  the  meridian  of 
the  adjoining  belt.  The  boundaries  of  the  different  belts  are  irregular 
because  it  was  found  more  convenient  in  operating  the  railroads  to 
change  times  at  certain  stations. 


A Stretch  of  country  in  which  various  localities  use  the  same 
time  is  referred  to  as  a time  belt.  Figure  26  shows  the  six 
belts  for  Canada.  If  you  were  making  a journey  from  Van- 
couver to  Halifax,  how  many  times  would  you  set  your  watch 
ahead  one  hour? 

How  do  scientists  explain  the  difference  in  the  length  of 
the  days  and  nights  at  different  times  of  the  year?  The  rota- 
tion of  the  earth  upon  its  axis  explains  why  we  have  alter- 
nate periods  of  daylight  and  darkness.  It  does  not  explain. 
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however,  why  the  days  are  longer  than  the  nights  in  summer, 
and  why  the  days  are  shorter  than  the  nights  in  winter.  Let 
us  see  how  this  fact  may  be  explained. 

Experiment  5.  What  causes  the  days  and  nights  to  be  of  un- 
equal length?  (a)  Push  a straight  wire  or  knitting  needle  about 
six  to  eight  inches  long  through  the  centre  of  a tennis  ball  or  a hol- 
low rubber  ball.  The  points  where  the  needle  leaves  the  ball  should 
be  marked  N and  5 to  represent  the  North  and  South  poles.  The 


Fig.  27.  Apparatus  for  Experiment  .5. 


ball  represents  the  earth.  Now  place  an  X on  the  earth  to  indicate 
the  latitude  at  which  you  live.  Draw  a circle  through  X so  that  all 
points  of  the  circle  are  at  an  equal  distance  from  the  North  Pole. 

(&)  Place  a short  lighted  candle  at  the  centre  of  a circle  one  foot 
in  diameter,  drawn  on  a large  piece  of  paper.  The  candle  repre- 
sents the  sun.  The  room  should  be  dark.  Place  the  earth  directly 
south  of  the  sun  and  have  one  end  of  the  axis  on  the  circle  in  such 
a way  that  the  axis  is  perpendicular  to  the  table.  Is  the  earth 
lighted  from  pole  to  pole?  Move  the  ball  around  the  circle.  Is  the 
earth  always  lighted  from  pole  to  pole? 

(c)  Now  place  the  earth  directly  south  of  the  sun  and  have  the 
North  Pole  end  of  the  axis  point  to  the  North  Star.  Note  that  the 
axis  and  plane  of  rotation  of  the  earth  are  now  tilted  to  the  plane 
of  revolution,  or  the  table  top  (Figure  27). 

Observe  that  one-half  of  the  earth  is  lighted,  but  that  over  one- 
half  of  the  circle  through  X is  lighted.  If  the  earth  is  rotated,  it 
will  be  seen  that  X remains  in  the  light  for  more  than  one-half  of 
one  rotation.  The  day  is  longer  than  the  night  at  X.  Move  the 
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earth  around  the  circle  to  a position  east  of  the  sun,  but  keep  the 
axis  pointed  to  the  North  Star.  Rotate  the  ball  and  note  that  X is 
in  the  light  for  exactly  one-half  of  a rotation.  The  day  is  now  equal 
to  the  night.  Let  the  earth  be  revolved  on  the  circle  until  it  is 
north  of  the  sun.  The  day  at  X is  now  shorter  than  the  night. 
When  the  earth  is  moved  still  farther  around  and  is  west  of  the 
sun,  the  day  and  night  at  X are  equal. 

Experiment  5 shows  that  in  order  for  the  day  to  be  of  dif- 
ferent length  from  the  night,  the  axis  of  the  earth  must  be 
inclined  toward  or  away  from  the  sun.  During  the  summer 
season,  the  axis  of  the  earth  is  inclined  toward  the  sun,  and 
the  days  are  longer  than  the  nights.  During  the  winter 
season  the  axis  -of  the  earth  is  inclined  away  from  the  sun, 
and  the  nights  are  longer  than  the  days.  On  two  days  of  the 
year,  March  21st  and  September  23d,  the  earth  is  lighted 
from  pole  to  pole,  and  the  days  and  nights  are  of  equal  length. 
The  difference  in  the  length  of  the  days  and  nights  at  dif- 
ferent times  of  the  year  is  thus  satisfactorily  explained  if  we 
assume  that  (1)  the  earth  rotates  on  its  axis,  (2)  that  the 
earth  revolves  around  the  sun,  and  (3)  that  the  axis  of  the 
earth  is  inclined  to  its  plane  of  revolution  around  the  sun. 

How  do  scientists  explain  the  seasons?  The  difference  in 
the  temperature  of  the  different  seasons  also  needs  explana- 
tion. Of  course,  the  long  days  of  summer  allow  the  earth  to 
receive  more  heat  than  during  the  short  days  of  winter. 
This  is  one  reason  why  it  is  warmer  in  the  summer  than  in 
the  winter.  Another  cause  of  the  difference  in  the  temperature 
at  different  seasons  is  shown  by  the  following  experiment. 

Experiment  6.  How  does  the  angle  of  the  sun’s  rays  change 
from  day  to  day  at  the  same  hour?  Cut  a small  round  hole, 
about  one-half  an  inch  in  diameter,  in  a piece  of  cardboard.  Place 
the  cardboard  in  a south  window  of  a room  so  that  the  sun’s  rays 
will  pass  through  the  hole  and  strike  a piece  of  paper  on  the  floor, 
window  sill,  or  table.  Draw  the  outline  of  the  spot  where  the  beam 
of  light  which  passes  through  the  hole  strikes  the  paper.  Write 
the  date  and  the  hour  inside  the  outline.  At  intervals  of  ten  minutes 
repeat.  On  succeeding  days,  at  exactly  the  same  time  of  day,  draw 
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the  outlines  of  the  spots,  and  note  that  the  paths  of  the  spots  are 
farther  from,  or  nearer  to,  the  window. 

The  changing  position  of  the  spots  from  day  to  day  shows  that 
the  sun’s  rays  strike  the  earth  at  different  angles  on  different  days. 


Summer 


_ Winter 

hoR»xo^  sunset 


Fig.  28.  Where  the  sun  appears  to  rise  and  set  during  the  different 
seasons  of  the  year.  If  the  axis  of  the  earth  were  not  inclined  to  its 
orbit,  the  sun  would  appear  to  rise  in  the  same  direction  throughout 
the  year,  and  there  would  be  no  change  of  seasons. 


You  can  supplement  the  results  from  this  experiment  with 
the  experiences  which  you  have  had.  You  recall  that  in  north- 
ern countries  the  sun  rises  a little  south  of  east  in  the  winter 
and  a little  north  of  east  in  summer.  You  have  probably  ob- 
served that  the  sun  is  more  nearly  overhead  at  noon  on  a 
summer  day  in  the  Northern  Hemisphere  than  it  is  at  noon 
on  a winter  day  (Figure  28).  If  the  axis  of  the  earth  were  not 
inclined  to  its  orbit,  the  sun  would  appear  to  rise  in  the  same 
direction  throughout  the  year;  it  would  follow  the  same  path 
across  the  sky. 

Examination  of  Figure  28  shows  that  the  angle  of  the  sun’s 
rays  is  different  in  summer  than  in  winter.  Does  the  angle  of 
the  sun’s  rays  determine  the  amount  of  heat  which  the  earth 
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receives  from  the  sun?  If  it  does,  you  can  see  one  reason  why 
seasons  occur,  for  you  have  found  from  the  preceding  experi- 
ment that  the  angle  of  the  sun’s  rays  varies  at  different  sea- 
sons. That  the  sun  does  warm  the  earth  you  know  from  ex- 
perience. The  rays  come  through  the  space  between  the  sun 
and  the  atmosphere,  and 
then  through  the  air  before 
they  strike  the  earth.  They 
do  not  heat  the  space  above 
the  air,  for  there  is  no  ma- 
terial present.  However, 
when  the  rays  strike  the  air  pio.  29.  Apparatus  for  Experiment  7. 
and  the  surface  of  the  earth 

they  change  to  heat,  which  affects  the  temperature  of  the  air. 

You  can  learn  from  an  experiment  one  reason  why  the 
angle  of  the  sun’s  rays  has  an  effect  on  the 
temperature  of  the  earth’s  surface. 

Experiment  7.  How  does  the  angle  of  the 
sun’s  rays  determine  the  amount  of  light  and 
heat  the  earth  receives?  (a)  Bend  a piece 
of  cardboard  so  as  to  make  a square  tube  one 
square  inch  in  cross-section  and  one  foot  long, 
as  shown  in  Figure  29.  Paste  a narrow  strip 
of  heavy  cardboard  to  one  of  the  inside  walls 
of  the  tube  so  that  the  strip  extends  six  inches 
beyond  one  end  of  the  tube.  Darken  the  room 
and  hold  a candle  flame  or  a flashlight  at  the 
upper  end  of  the  tube.  Incline  the  tube,  resting 
the  end  of  the  narrow  strip  on  the  table  and 
having  the  tube  at  about  a 25-degree  angle  with  the  table  top,  as 
in  the  figure.  This  will  allow  a beam  of  light  one  inch  square  to  strike 
the  table.  Make  the  outline  of  the  spot  of  light  caused  by  the  beam 
which  passes  through  the  tube.  Also  note  the  brightness  of  the  spot. 

(b)  Now  change  the  position  of  the  tube  so  that  the  beam  of  light 
strikes  the  table  at  an  angle  of  about  75  degrees.  Be  sure  that  the 
end  of  the  strip  of  cardboard  just  touches  the  table.  Mark  the 
outline  of  the  spot  of  light,  and  also  observe  its  brightness. 

(c)  Compare  the  sizes  of  the  two  spots  obtained  in  (a)  and  (&), 
measuring  them  and  determining  the  area  of  each. 


Fig.  30.  Apparatus 
for  Experiment  7. 
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You  see  that  the  same  beam  of  light  covers  less  space  when 
the  angle  at  which  it  strikes  the  table  is  greater.  You  can 
also  see  that  the  spot  is  brighter  when  the  beam  strikes  the 
table  more  nearly  vertically. 

Self-testing  exercise  5.  The  figures  in  Experiment  7 represent 
the  sun  and  the  surface  of  the  earth.  Figure  29  shows  the  angle 
of  the  sun’s  rays  in  winter;  Figure  30,  the  angle  in  summer. 
What  is  true  about  the  amount  of  light  and  heat  received  from 
the  sun  on  a square  foot  of  surface  at  noon  on  a summer  day  com- 
pared with  that  received  at  noon  on  a winter  day?  Explain. 

There  is  another  point  which  you  must  consider  in  explain- 
ing why  the  angle  of  the  sun’s  rays  affects  temperature.  As 
the  rays  of  the  sun  come  through  the  air  toward  the  earth, 
they  lose  energy  to  the  air,  because  some  of  the  rays  strike 
particles  of  air.  Dust  particles  in  the  air  also  help  to  stop  the 
rays,  and  thus  all  of  the  energy  does  not  reach  the  earth.  Now, 
in  winter  the  rays  .come  at  a great  slant  and  must,  therefore, 
pass  through  a longer  column  of  air  than  in  summer  when 
they  are  more  nearly  vertical.  As  a result  they  give  up  more 
of  their  energy  to  the  air,  and  so  cannot  warm  the  earth  to 
as  great  a degree  as  in  summer.  In  summer  the  rays  are  more 
nearly  vertical,  and,  passing  through  a shorter  column  of  air, 
they  bring  more  energy  to  the  surface  of  the  earth. 

The  changes  in  temperature  and  in  the  relative  length  of 
the  days  and  nights  at  different  times  of  the  year  are  thus 
the  effect  or  result  produced  by  the  inclination  of  the  earth’s 
axis  to  the  plane  of  its  revolution  around  the  sun.  If  the 
earth’s  axis  were  perpendicular  to  the  plane  of  revolution,  the 
length  of  the  days  and  nights  would  not  change,  and  there 
would  be  no  seasons.  If  the  earth  did  not  revolve  around 
the  sun,  the  length  of  the  day  and  the  night  would  always  be 
the  same  at  any  given  place.  If  the  earth  did  not  rotate  on 
its  axis,  one  day  and  one  night  together  would  be  as  long  as 
a year.  The  changes  in  temperature  and  the  relative  length 
of  the  days  and  nights  are  thus  the  result  of  the  movements 
of  the  earth  and  the  position  of  its  axis  with  relation  to 
its  plane  of  revolution. 


RELATION  OF  EARTH  TO  UNIVERSE 


41 


How  do  scientists  explain  the  tides?  If  you  have  ever 
been  to  the  seashore,  you  have  observed  the  regular  rising 
and  falling  of  the  water  at  different  hours  of  the  day.  Twice 
in  about  twenty-five  hours  the  tides  rise  and  fall,  producing 
two  high  tides  and  two  low  tides  in  this  period  of  little  more 
than  a day.  Tides,  as  you  will  see,  are  the  result  of  the  move- 
ments of  the  earth  and  the  moon. 

The  tides  are  the  result  of  the  action  of  several  different 
forces.  To  understand  exactly  how  they  are  caused  and  why 
they  vary  somewhat  at  different  times  would  require  a good 
many  pages  of  explanation.  We  must  therefore  be  satisfied 
with  a general  explanation. 

You  have  already  seen  that  every  body  in  the  universe  at- 
tracts every  other  body  in  the  universe.  Both  the  moon  and 
the  sun  are  thus  pulling  on  the  earth.  Let  us  first  examine 
the  effect  of  the  gravitational  pull  of  the  moon.  The  moon 
attracts  both  the  land  surface  and  the  water  surface  of  the 
earth;  but  the  land,  being  solid,  moves  very  little.  The 
effect  on  the  water  surface,  however,  is  markedly  different 
from  the  effect  on  the  solid  surface.  The  gravity  of  the  moon 
pulls  the  water  from  the  earth  so  that  it  bulges  out  on  the 
side  facing  the  moon  and  is  piled  up  a few  feet  higher  on 
the  land  surface.  This  is  a high  tide.  As  the  earth  keeps  on 
turning,  this  part  of  the  ocean  gets  farther  away  from  the 
moon,  the  attraction  becomes  less,  and  the  level  of  the  water 
recedes.  This  is  low  tide.  When  the  earth  turns  so  that  the 
same  part  of  the  ocean  is  on  the  opposite  side  from  the  moon, 
the  water  is  again  bulged  out,  and  high  tide  results.  As  the 
earth  continues  to  rotate,  the  water  falls,  and  another  low 
tide  results.  Thus,  for  any  given  part  of  the  ocean  there  are 
two  high  tides  and  two  low  tides  every  twenty-four  hours  and 
fifty  minutes.  (See  page  20.) 

It  is  easy  to  understand  why  there  should  be  a high  tide 
on  the  side  of  the  earth  toward  the  moon,  but  it  is  much 
more  difficult  to  see  why  there  is  a second  high  tide  on  the 
side  of  the  earth  away  from  the  moon  and  directly  opposite 
the  first  high  tide.  The  attraction  of  the  moon  for  anything 
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becomes  less  and  less  as  the  distance  from  the  moon  becomes 
greater.  Thus,  the  solid  part  of  the  earth  as  a whole  is  more 
strongly  attracted  than  the  water  which  is  on  the  side  opposite 


Fig.  31.  How  the  sun  and  the  moon  cause  the  tides. 


the  moon,  because  the  water  is  as  much  as  4000  miles  farther 
away  from  the  moon.  Because  of  the  greater  pull  on  the  solid 
part  of  the  earth  and  because  of  the  revolution  of  the  moon 
around  the  earth,  the  earth  tends  to  be  pulled  away  from 
the  water  a little  and  thus  to  leave  it  bulged  out  on  the  side 
away  from  the  moon.  Strangely  enough,  this  high  tide  is 
just  as  high  as  the  one  on  the  side  toward  the  moon. 

It  has  already  been  mentioned  that  the  sun  is  also  pulling 
on  the  earth  and  on  its  water  surface.  Because  of  its  great 
distance  the  sun  does  not  influence  the  tides  as  much  as 
does  the  moon,  although  its  pull  is  really  greater.  When 
the  sun  is  in  a straight  line  with  the  moon  and  earth,  either 
on  the  same  side  of  the  earth  as  the  moon  or  on  the  opposite 
side,  it  works  with  the  moon  to  increase  the  height  of  the 
tides.  When,  instead,  it  is  over  either  of  the  parts  of  the 
earth  where  the  low  tides  are,  it  partly  counteracts  the 
moon’s  effects  and  causes  the  tides  to  be  lower  than  usual. 
From  this  you  can  see  that  the  exact  causes  of  the  tides  are 
very  complex.  If  you  understand  how  the  gravitational  pull  of 
the  moon  causes  the  water  surface  to  be  bulged  out  at  certain 
pcints  and  lowered  at  other  points,  you  have  the  essential  idea 
as  to  the  cause  of  tides. 
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Self-testing  exercise  6.  (a)  Why  do  you  believe  that  the  earth 
rotates  on  its  axis? 

ib)  Why  do  you  believe  that  the  plane  of  rotation  of  the  earth 
is  not  parallel  to  its  plane  of  revolution? 

(c)  Why  do  you  believe  that  the  earth  revolves  around  the  sun? 

(d)  If  the  earth  rotated  on  its  axis,  but  did  not  revolve  around 
the  sun,  how  would  the  conditions  on  earth  be  different? 

(e)  If  the  earth  revolved  around  the  sun,  but  did  not  rotate  on 
its  axis,  how  would  the  conditions  upon  the  earth  be  different? 

(/)  If  the  earth  did  not  rotate  on  its  axis,  would  there  be  tides 
each  day?  Explain  what  would  happen. 

Summary  exercise  on  Unit  I.  Make  a list  of  all  of  the  important 
principles  or  big  ideas  of  science  which  you  have  come  to  under- 
stand from  this  unit.  State  them  in  sentence  form,  thus:  Every 
material  body  attracts  or  pulls  every  other  material  body. 

Additional  Exercises 

1.  Suppose  you  looked  at  the  northern  sky  and  found  the  Big 
Dipper  in  the  position  shown  in  Figure  32.  Copy  the  figure  and 
show  the  positions  of  the  constellations.  Use 
the  directions  given  on  pages  26-28. 

2.  If  you  carried  out  Experiment  6 every 
day  of  the  year,  how  would  the  distance  of 
the  spot  from  the  window  change?  What 
does  this  show  regarding  the  change  in  the 
angle  of  the  sun’s  rays  (a)  from  January  to 
March,  (&)  from  April  to  June,  (c)  from  July 
to  September,  (d)  from  October  to  December? 

3.  How  do  the  solar  time  and  the  standard  time  of  a place  five 
degrees  west  of  Toronto,  Ont.,  compare  with  the  solar  time  and  the 
standard  time  at  Toronto?  (See  Figure  26.) 

4.  Explain  how  it  is  possible  that  news  of  the  signing  of  the 
Armistice  following  the  Great  War  reached  Ottawa,  Ontario,  be- 
fore 3:00  A.M.,  although  it  was  5:00  a.m.  when  it  was  signed  in 
France.  (See  Figures  25  and  26.) 

5.  How  do  the  lengths  of  days  and  nights  in  the  Southern  Hemi- 
sphere vary  with  the  seasons  in  the  Northern  Hemisphere? 

6.  On  what  hour  of  the  day  and  on  what  day  of  the  year  do  you 
cast  the  shortest  shadow?  Why?  (See  Figure  28.) 


44 


EVERYDAY  PROBLEMS  IN  SCIENCE 


7.  At  Hammerfest,  Norway,  which  is  located  at  71®  N,  the  sun 
never  sets  from  May  13  to  July  8,  and  never  rises  from  November 
18  to  January  23.  Explain.  (Figures  25  and  27  will  help  you.) 

8.  When  Peary  was  at  the  North  Pole,  in  what  direction  did  he  look 

to  see  the  North  Star? 

9.  Moonlight  is  really 
sunlight.  Explain, 

10.  Hold  a watch  face 
upward,  and  point  the 
hour  hand  toward  the  sun. 
Halfway  between  the  hour 
hand  and  the  figure  12  (or 
XII)  is  nearly  south.  You 
can  determine  direction  in  this  way.  Why? 

11.  Why  are  the  lengths  of  the  days  and  nights  always  equal  at 
the  equator? 

12.  Stick  a long  pin  near  the  middle  of  the  south  edge  of  a sheet  of 
paper  which  is  in  a position  to  receive  sunshine  throughout  the  day 
(Figure  33).  Beginning  at  8 o’clock  a,  m.,  mark  the  shadow  of  the  pin 
every  hour.  How  could  you  use  this  to  tell  time?  To  tell  direction? 

13.  If  you  travelled  around  the  earth  from  west  to  east  in  ninety  days 
of  twenty-four  hours  each,  how  many  times  would  you  see  the  sun  rise? 

14.  Would  a man  at  the  North  Pole  be  able  to  tell  time  by  the 
sun?  Explain  your  answen 

15.  The  longest  day  in  the  year  in  our  latitude  is  June  21.  Why 
is  this  not  also  the  hottest  day? 

16.  Would  you  weigh  more  or  less  on  Mars  than  you  do  on  the 
earth?  Explain. 

17.  Why  is  it  winter  in  the  Southern  Hemisphere  when  it  is 
summer  in  the  Northern  Hemisphere? 

Note  to  the  Student.  Following  Unit  XVII  you  will  find  a list  of 
References  and  a Guide  for  Additional  Study  about  the  earth  and 
the  heavenly  bodies.  Turn  to  the  list  on  Unit  I,  and  select  a book  or 
pamphlet  which  you  wish  to  read.  Select  also  one  of  the  topics  or 
projects  which  are  listed  following  the  references.  Spend  your 
spare  time  making  a careful  study  of  this  topic  or  project. 
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Fig.  33.  A home-made  clock  and  compass. 


UNIT  II 


HOW  DID  THE  EARTH  COME  TO  BE 
AS  IT  IS  TODAY? 

Preliminary  Exercises 

1.  (a)  What  explanations  of  the  origin  of  the  earth  have  you 
heard?  (b)  Did  they  seem  reasonable  or  not?  Why? 

2.  List  the  questions  about  the  formation  of  the  earth  which 
you  would  like  to  have  answered. 

3.  (a)  How  old  is  the  earth?  (b)  How  was  this  age  estimated? 

4.  What  changes  in  the  earth’s  surface  have  you  observed? 

5.  How  can  cold  actually  cause  rocks  to  crack? 

6.  How  would  the  northern  part  of  this  continent  be  different 
if  there  had  been  no  great  ice  sheet  there? 

7.  Tell  briefly  how  sandstone  and  shale  are  formed. 

8.  What  would  finally  happen  to  the  continents  if  v/eathering 
and  erosion  were  the  only  changes  affecting  their  surface? 

9.  Do  you  know  of  land  which  has  actually  risen  out  of  the  sea 
within  historical  time? 

10.  (a)  How  are  mountains  formed?  (6)  Volcanoes? 

11.  Explain  briefly  how  geologists  are  able  to  give  quite  con- 
fident accounts  of  events  which  took  place  millions  of  years  ago. 

12.  (a)  Where  have  you  found  fossils?  (b)  How  were  they  formed? 

13.  Turn  to  the  Preliminary  Exercises  of  Unit  HI  (page  89)  and 
begin  Exercises  3 and  5 now.  Keep  your  records  complete  for 
every  day  until  you  reach  Unit  HI  in  your  study. 

The  Story  of  Unit  II 

In  our  study  of  Unit  I we  imagined  that  we  were  travelling 
out  into  space  in  a dirigible  so  that  we  might  see  the  earth 
and  its  neighbors  from  a distance.  Let  us  now  imagine  that 
we  are  returning  to  the  earth  and  that  we  are  close  enough 
to  see  our  planet  again  as  a huge  ball  of  material,  ceaselessly 
spinning  in  space  and  swinging  in  a wide  orbit  about  the 
sun.  In  the  distance  are  the  other  planets,  all  revolving  in 
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the  same  direction.  At  once  there  comes  to  us  the  question: 
How  did  the  earth  and  the  other  planets  get  out  there  in 
space,  and  what  started  them  rotating  and  revolving  so 
steadily  in  their  orbits? 

As  we  approach  the  great  ball  more  closely,  we  re-discover 
many  features  of  its  surface  which  arouse  our  curiosity. 
Here  and  there  are  bodies  of  land,  the  continents,  surrounded 
by  great  oceans.  The  land  is  not  smooth  and  even  as  the 


Fig.  34.  A comparison  of  the  scene  in  this  picture  with  that  on  the 
next  page  shows  the  wide  differences  found  in  the  formation  of  the  sur- 
face of  the  earth.  (©Hileman.) 


oceans  are.  Along  the  borders  of  the  continents  are  great 
lines  of  mountains,  while  a few  ranges  are  scattered  about  in 
the  interior.  Some  of  the  mountains  are  rugged  and  sharp- 
peaked;  others  are  rounded  and  smooth.  A network  of  rivers 
covers  the  continents.  Among  the  mountains  they  flow  through 
deep  narrow  valleys,  but  out  in  the  plains  the  valleys  are 
wide  and  shallow.  Where  some  of  the  rivers  meet  the  ocean, 
the  land  juts  out  into  the  water;  at  the  mouths  of  other 
rivers  the  water  reaches  far  into  the  land.  How  can  things  be 
so  different  in  different  places  on  the  same  planet? 

Flying  low  over  the  land,  we  are  able  to  examine  its  surface 
still  more  closely.  The  rocks  of  which  the  mountains  are 
made  are  not  all  alike.  In  many  places  they  are  in  layers, 
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either  flat  or  tilted  at  crazy  angles.  In  other  places  there  are 
no  layers.  Some  of  the  mountains  are  cone-shaped  with  pits 
in  their  tops.  Near  a few  of  these  strange  mountains  are 
masses  of  rock  which  look  like  liquid  poured  out  and  hardened. 
Landing  near  our  home,  we  walk  about  on  a deep  layer  of 
soil  in  which  great  trees  and  other  plants  are  growing.  How 
did  all  this  come  to  be  as  we  see  it  today? 

Great  thinkers  of  all  ages  have  asked  these  same  questions 
and  have  sought  to  answer  them.  The  first  answers  were  not 


Fig.  35.  In  contrast  to  the  jagged  mountains  of  rock  shown  in  Figure  34, 
we  have  here  level  plains  of  deep  soil.  How  these  great  differences  in  the 
earth ’s  surface  have  come  about,  this  unit  will  explain. 


much  more  than  guesses  made  with  little  knowledge  of  the 
real  facts.  The  origin  of  the  earth  and  its  more  striking 
features  were  explained  in  fanciful  stories.  Earthquakes 
and  the  heat  inside  the  earth  were  thought  to  be  the  result  of 
struggles  of  giants  or  gods  imprisoned  beneath  the  surface. 
A volcano  was  the  chimney  of  a smithy  where  Vulcan,  the 
god  of  fire,  was  forging  thunderbolts.  In  fact,  the  word 
volcano  came  from  the  name  of  the  god  Vulcan. 

' The  early  thinkers  made  many  mistakes  because  of  their 
lack  of  careful  observation  and  study  of  facts.  When  they 
began  to  work  out  their  explanations,  they  often  had  wrong 
notions  which  they  had  received  from  others.  The  wrong 
notions  were  accepted  as  truth,  and  it  seemed  unnecessary  to 
check  up  on  them.  Then,  too,  few  men  were  able  to  read 
and  write.  Facts  observed  by  one  man  could  not  be  written 
£ and  sent  all  over  the  world  as  they  are  today.  Neither  did 

^ many  men  travel  widely  so  that  they  could  pass  their 
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knowledge  on  from  one  to  another  throughout  the  world.  None 
of  the  wonderfully  accurate  instruments  now  used  by  scien- 
tists had  been  invented.  Thus  it  was  that  any  one  man  could 
put  together  only  the  facts  that  he  had  gathered  by  his  own 
unaided  observation  or  had  learned  by  word  of  mouth. 

The  latter  facts,  as  we 
have  seen,  were  often  in- 
accurate. He  was  fortu- 
nate indeed  if  he  could 
read  and  add  to  his  store 
of  facts  what  other  care- 
ful observers  had  seen. 

Gradually,  however, 
men  began  to  observe 
more  carefully  and  more 
widely.  Strabo,  a Greek 
student  of  geography, 
who  lived  about  the  time 
of  Christ,  noticed  that 
Mt.  Vesuvius  resembled 
the  active  volcano  Mt. 
Etna,  which  was  then 
regarded  as  the  chimney 
of  Vulcan’s  smithy.  He 
said  that  some  day  Vesu- 
vius might  become  active 
like  Etna.  Years  after 
he  died,  Vesuvius  did 
come  to  life  and  buried  the  cities  of  Herculaneum  and  Pompeii 
so  thoroughly  that  they  were  forgotten  for  centuries.  This  early 
thinker  also  noticed  fossil  shells  in  rocks  far  from  the  ocean. 
He  concluded  that  once  they  must  have  been  buried  in  the 
mud  and  finally  changed  into  the  stone  which  he  found. 

For  fifteen  hundred  years  after  Strabo  very  little  was  added 
to  man’s  knowledge  of  the  heavens,  of  the  history  of  the 
earth,  or  of  the  processes  which  are  constantly  changing 


FiG.  36.  Volcanoes  have  always  fascinated 
people.  What  they  are,  and  how  they  have 
affected  the  earth’s  surface  you  will  learn 
in  this  unit.  (Underwood  and  Underwood.) 
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the  surface  of  the  earth.  Then  the  attitude  toward  investiga- 
tion and  learning  began  to  change.  For  three  hundred  years 
knowledge  grew  slowly.  But,  as  each  new  discovery  made 
another  easier,  it  began  to  increase  by  leaps  and  bounds. 
Since  about  the  time  of  the  Revolutionary  War  so  much  has 
been  learned  about  the  earth  that  few  men  have  been  able  to 
keep  up  with  the  increasing  knowledge. 

Of  course,  we  shall  not  be  able  to  learn  in  a short  time  all 
that  is  known  about  how  the  earth  came  to  be  as  it  is,  but 
we  shall  be  able  to  find  out  some  of  the  most  important  and 
interesting  things  which  scientists  have  discovered  and 
about  the  geological  processes  which  are  still  actively  at 
work  all  around  us.  Then  we  can  easily  add  to  our  knowledge 
by  independent  reading  and  observation. 

Problem  1:  How  Was  the  Earth  Formed? 

Study  Suggestion.  No  one  knows,  and  probably  no  one  ever 
will  know,  just  how  the  earth  and  the  other  members  of  our  solar 
system  were  formed.  In  such  a situation  scientists  find  it  useful 
to  work  out  a possible  explanation,  called  an  hypothesis,  which 
seems  to  fit  the  observed  facts.  A number  of  explanations  of  the 
origin  of  the  earth  have  been  proposed,  but  the  one  which  seems 
most  satisfactory  to  astronomers  and  to  geologists  is  known  as  the 
planetesimal  hypothesis.  This  hypothesis  is  briefly  described  below. 
As  you  read  about  it,  you  should  always  remember  that  it  is  only 
the  best  explanation  that  we  have  and  that  it  has  not  been  proved. 

How  were  the  materials  of  the  earth  and  the  other  planets 
separated  from  the  sun?  According  to  the  planetesimal 
hypothesis,  the  sun  once  existed  in  space  without  the  system 
of  planets  and  other  bodies  which  now  accompany  it.  It  was 
probably  even  then  throwing  out  the  great  eruptions  of 
gaseous  material  of  which  you  learned  in  Unit  I.  Under 
ordinary  circumstances  the  gravity  of  the  sun  pulled  all  the 
material  back  again.  It  is  thought,  however,  that  at  one  time 
a star  chanced  to  pass  near  the  sun.  As  it  passed,  its  gravity 
produced  great  tides  on  the  sun’s  surface.  The  tidal  forces. 
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together  with  those  already  at  work,  were  so  strong  that  a 
great  deal  of  material  was  torn  away  from  the  sun.  The 
attraction  of  the  passing  star  also  gave  the  separated  material 
a whirling  movement  about  the  sun  so  that  it  could  not  fall 
back  in  again.  Thus  there  was  produced  a great,  nebula-like 
formation  about  the  sun,  somewhat  like  those  in  Figures  22 
and  23,  but  very  much  smaller. 

The  gaseous  materials  which  had  been  separated  from  the 
sun  gradually  became  cool  and  finally  collected  in  solid 
masses  because  of  the  attraction,  gravity,  which  all  materials 
possess.  Some  of  the  masses  were  large  and  later  became  the 
centres  of  the  present  planets  of  the  solar  system.  The 
mass  of  material  which  was  to  become  the  earth  may  have 
been  one-tenth  as  great  as  the  earth  now  is.  Near  it  and 
swinging  about  it  was  another  mass  which  was  to  become  the 
moon.  Other  masses,  now  called  planetesimals,  were  smaller. 
Each  mass,  regardless  of  size,  had  its  own  orbit  around  the 
central  mass,  or  sun. 

How  did  the  original  earth-mass  grow  larger?  The  orbit 
of  the  earth  was  probably  not  so  nearly  circular  at  that  time 
as  it  is  at  present.  Thus  it  crossed  the  orbits  of  a great  num- 
ber of  planetesimals.  In  the  course  of  many,  many  journeys 
around  the  sun  the  earth  collided,  one  by  one,  with  the 
planetesimals  whose  paths  it  crossed.  These  became  part  of 
the  earth  because  of  the  pull  of  gravity.  Thus  the  earth  grew 
larger  and  larger.  The  moon  also  gained  in  size,  but  it  was 
never  able  to  grow  as  large  as  the  earth. 

The  collection  of  planetesimals  from  space  must  have  taken 
ages  of  time.  However,  as  they  became  more  scarce  and 
as  the  earth’s  orbit  became  more  nearly  circular,  the  earth’s 
rate  of  growth  slowed  down,  until  today  some  scientists 
estimate  that  the  earth  is  only  receiving  about  one  hundred 
tons  of  meteorites  and  meteoric  dust  from  space  each  year. 
It  is  quite  probable  that  the  meteoric  material  is  not  the 
same  as  that  of  the  planetesimals,  but  it  is  a slow  addition 
to  the  size  and  weight  of  the  earth. 
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As  the  size  of  the  earth  increased,  its  gravity  also  increased 
until  it  was  able  to  hold  the  gases  it  met  in  space  and  those 
formed  from  the  material  it  had  gathered  up.  These  gases 
were  the  beginning  of  an  atmosphere  which  grew  as  the 
planet  grew.  After  a time  water  vapor  was  present  in  large 
amounts  in  the  atmosphere,  and,  as  the  earth  began  to  cool, 
rain  began  to  fall. 

The  great  pressure  re- 
sulting from  the  piling 
up  of  more  and  more 
planetesimals  caused  the 
inside  of  the  earth  to  be- 
come hot  again.  Chemi- 
cal activity  and  theshock 
of  collisions  with  more 
planetesimals  added  to 
the  heat,  until  here  and 
there  the  rocky  material 
melted.  Some  of  this 
melted  rock  worked  its 
way  to  the  surface,  pro- 
ducing the  first  volcanic 
activity  on  the  earth. 

During  the  changes 
which  took  place  as  the 
earth  grew,  the  heavier 
kinds  of  rock  and  minerals  tended  to  sink  toward  the  centre 
and  push  the  lighter  kinds  to  the  outside.  Today  scientists 
believe  that,  although  the  outside  parts  of  the  earth  are 
only  about  three  times  as  heavy  as  water,  the  inside  is  more 
than  ten  times  as  heavy  as  water.  From  this  and  other  facts 
they  think  that  the  interior  of  the  earth  may  be  made  largely 
of  iron  and  nickel,  such  as  are  found  in  many  meteorites. 

How  were  the  continents  and  oceans  formed?  The  indi- 
cations are  that  the  formation  of  the  great  continents  and 
ocean  basins  was  begun  in  the  early  stages  of  the  earth.  The 


Fig.  37.  This  meteorite,  the  largest  ever 
seen  to  fall,  landed  near  Paragould,  Arkan- 
sas. It  is  about  two  and  one-half  -feet 
long.  (Underwood  and  Underwood.) 
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fall  of  large  planetesimals  naturally  left  the  surface  somewhat 
irregular.  There  was  also  a great  deal  of  dust-like  planetesimal 
material  which  could  be  carried  about  by  the  winds  and 
washed  from  the  atmosphere  by  rain.  In  some  way  the  action 
of  wind  and  rain  is  thought  to  have  caused  a very  slight 
difference  in  the  kind  of  material  left  in  different  places. 
The  lighter  kinds  were  deposited  in  certain  places,  and  the 
heavier  kinds  in  others.  Although  the  difference  was  very 
slight,  in  millions  and  millions  of  years  the  results  would 
be  quite  noticeable.  Slightly  heavier  rocks  were  formed  from 
the  heavy  deposits,  and  lighter  ones  were  formed  from  the 
lighter  material.  The  heavy  parts  of  the  earth  thus  produced 
sank  down  a little  farther  toward  the  centre,  lifting  the 
lighter  parts  upward.  The  lower  places  filled  with  water, 
of  course,  and  became  the  oceans;  the  lighter,  higher  parts 
stood  above  the  water  and  are  now  known  as  continents. 

This  explanation  of  the  formation  of  the  continents  and 
ocean  basins  fits  the  facts  that  have  been  discovered.  By 
very  careful  experimentation  scientists  are  able  to  find  how 
strong  the  pull  of  gravity  is  in  one  place  and  compare  it  with 
the  pull  in  another  place.  They  have  found  that  the  gravity 
of  the  ocean  beds  is  greater  than  that  of  the  continents. 
This  indicates  that  the  ocean  beds  are  composed  of  heavier 
material  than  the  continents.  They  have  also  found  that  the 
density  (average  weight  of  a certain  quantity)  of  the  melted 
rock  poured  out  by  ocean  volcanoes  is  greater  than  that  of 
the  rock  which  comes  from  volcanoes  on  land.  Since  the 
explanation  and  the  facts  fit  together  as  far  as  they  are  able 
to  discover,  scientists  will  use  the  explanation  in  their  think- 
ing until  a better  one  is  discovered  or  until  facts  are  found 
which  do  not  agree  with  it. 

Self-testing  exercise  1.  (a)  According  to  the  planetesimal  hy- 

pothesis, the  first  great  event  in  making  a solar  system  out  of  the 
sun  was  the  passing  of  a star  near  the  sun.  Make  a diagram  to 
show  how  you  think  the  solar  system  might  have  appeared  to  an 
observer  in  space  just  after  the  star  had  passed  the  sun. 
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(b)  Draw  a second  diagram  to  show  how  you  think  the  solar 
system  might  have  appeared  some  millions  of  years  later  when  the 
planets  were  partially  formed. 

Self-testing  exercise  2.  State  three  ways  in  which  the  force  of 
gravity  helped  in  the  formation  of  the  earth. 

Problem  2:  How  Is  the  Surface  of  the  Earth 
Worn  Down? 

Study  Suggestion.  You  already  realize  that  during  the  time 
the  earth  was  being  formed,  there  was  constant  activity  and  change. 
In  the  1000  million  years  or  so  that  have  passed  since  its  forma- 
tion, the  surface  of  the  earth  has  never  remained  the  same  for  even 
a single  hour.  Many  forces  are  constantly  at  work  to  cause  change. 
Let  us  find  out  what  they  are  and  what  they  do.  As  you  learn 
what  books  have  to  tell  you,  keep  trying  to  think  of  places  where 
you  have  seen  the  effects  of  these  forces.  If  you  have  not  yet  seen 
some  of  the  effects  described  by  scientists,  you  will,  of  course,  be 
on  the  lookout  for  them.  Every  hike  and  automobile  trip,  every 
train  ride  and  boat  excursion,  offers  opportunities  for  learning  more 
about  the  changes  which  are  taking  place  in  the  earth’s  surface. 

How  are  the  rocks  softened  and  broken  to  pieces?  In  fol- 
lowing the  changes  which  take  place  on  the  earth  we  usually 
begin  with  a surface  of  solid  rock  which  has  been  lifted  out 
of  the  sea  or  poured  out  as  molten  lava.  As  soon  as  such  a 
rock  surface  is  exposed  to  the  air  and  sunshine  and  rain,  a 
series  of  changes  known  as  weathering  begins,  and  the  rock  is 
finally  destroyed.  The  oxygen,  carbon  dioxide,  and  water 
from  the  atmosphere  cause  chemical  changes  in  the  rock  so 
that  it  becomes  softer.  The  sun  shines  on  it  during  the  day, 
and  the  surface  gets  quite  warm,  or  even  hot.  At  night,  and 
in  the  winter  time,  it  becomes  very  much  cooler. 

The  rock  is  not  made  of  exactly  the  same  materials  all  the 
way  through.  Neither  is  it  heated  and  cooled  as  much  inside 
as  it  is  on  the  outside.  You  know  that  heating  causes  most 
substances  to  grow  larger,  or  expand,  while  cooling  causes  them 
to  shrink,  or  contract.^  What  effect  would  these  conditions 
have  on  the  rock? 
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Experiment  8.  What  effect  does  uneven  heating  and  cooling 
have  on  glass?  (a)  Obtain  a strip  of  ordinary  window  glass  about 
six  inches  long  and  three  inches  wide.  Almost  any  piece  of  broken 
glass  several  inches  long  will  do.  Hold  one  end  of  the  glass  in  the 
flame  of  a gas  burner  for  a few  moments.  What  happens? 

(Jb)  Heat  a piece  of  glass  tubing  until  it  is  quite  hot.  Then  plunge 
it  into  some  water.  What  happens  to  the  glass? 


Fig.  38.  Notice  how  this  solid-rock  mountain  side  is  being  broken  up. 


The  results  you  secured  in  the  experiment  were  due  to  the 
fact  that  one  part  of  the  glass  was  getting  hot  and  expanding 
or  cooling  and  contracting  more  rapidly  than  some  other 
part.  These  unequal  changes  caused  tremendous  forces 
which  cracked  the  glass.  Some  kinds  of  rock  are  very  much 
like  glass,  and  they  crack  suddenly  when  the  force  is  great 
enough.  In  others,  very  tiny  cracks  appear  because  of  heating 
and  cooling  and  gradually  become  larger  and  deeper. 

After  cracks  have  been  started  in  the  rocks,  water  and  air 
can  penetrate  more  deeply.  More  chemical  changes  occur, 
and  the  water  dissolves  away  parts  of  the  rock.  When  the 
rock  gets  very  cold,  the  water  in  the  cracks  freezes. 

Experiment  9.  What  effect  does  the  freezing  of  a bottleful  of 
water  have  on  the  bottle?  Fill  a bottle  with  water.  Put  the  stopper 
in  very  tightly.  You  may  even  need  to  tie  the  stopper  in  with  a 
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piece  of  strong  wire.  Bury  the  filled  bottle  in  a pan  of  mixed  ice 
and  salt,  or  snow  and  salt,  in  which  there  is  about  three  times  as 
much  ice  as  salt.  Leave  the  bottle  buried  in  the  mixture  until 
you  are  sure  that  the  water  in  the  bottle  has  had  time  to  freeze. 
Of  course,  the  time  needed  will  depend  on  the  size  of  the  bottle, 
but  it  will  probably  be 
not  less  than  an  hour. 

Uncover  the  bottle  and 
observe  what  has  hap- 
pened to  it. 

By  expanding  as  it 
freezes,  the  water  is 
able  to  exert  a pres- 
sure of  several  tons  to 
the  square  i;ich  and 
thus  burst  bottles  and 
iron  pipes.  In  the  same  way  it  splits  rocks  apart  and 
widens  the  cracks  already  formed.  At  the  foot  of  almost 
any  vertical  cliff  of  rock  you  may  see  a sloping  pile  of  rock 
fragments  which  have  been  broken  from  the  face  of  the  cliff. 
Such  material  at  the  base  of  a cliff  is  called  talus  (Figure  38). 
Most  of  the  talus  has  been  loosened  from  the  face  of  the  cliff 
by  the  changes  of  temperature  and  the  freezing  of  water. 

You  must  not  think,  however,  that  only  the  rock  on  a 
cliff  face  can  be  broken  up  in  this  way.  Weathering  goes  on 
wherever  rock  is  exposed  to  the  air  and  to  changes  of  tempera- 
ture. In  places  where  the  surface  does  not  have  a steep 
slope,  the  pieces  of  rock  remain  almost  in  place.  As  they 
become  smaller  and  smaller,  plants  begin  to  grow  among 
them.  The  roots  of  the  plants  give  out  chemicals  which  make 
the  rocks  change  more  rapidly.  The  roots  also  find  their 
way  into  the  cracks  and,  as  they  grow,  push  the  pieces  of 
rock  farther  apart.  As  the  plants  die,  their  bodies  decay  and 
are  mixed  with  the  pieces  of  rock  to  make  what  we  know  as 
soil.  More  plants  grow  in  the  soil,  and  if  it  is  not  carried 
away,  the  layer  of  soil  grows  deeper  and  deeper.  Such  soil, 
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formed  directly  from  the  rocks  on  which  it  rests,  is  known  as 
residual  soil.  In  thousands  of  years  it  may  become  many 
feet  deep.  Often,  however,  the  broken  rock  does  not  remain 
where  it  was  formed.  Let  us  see  how  it  can  be  carried  away. 

How  does  moving  water  wear  away  the  land?  The  more 
active  processes  by  which  rocks  and  soil  are  worn  down  and 
carried  away  are  known  as  erosion.  The  most  important 


Fig.  40.  The  deep,  rocky  gorge  of  a mountain  river.  The  water  has 
dug  out  a canyon  hundreds  of  feet  deep.  (©W.  C.  Thompson.) 


agent  of  erosion  is  moving  water.  Rain  water  falling  on  a 
sloping  surface  immediately  begins  to  run  downward  because 
of  the  pull  of  gravity.  At  first  the  tiny  streamlets  can  carry 
with  them  only  the  fine  soil  and  very  small  particles  of  rock. 
As  more  and  more  water  joins  the  stream,  larger  pieces  and 
more  of  them  can  be  carried  or  rolled  along.  As  they  move, 
they  are  jostled  together  and  worn  smaller.  The  sharp 
pieces  carried  by  the  water  are  used  as  tools  to  gouge  out 
and  wear  away  the  bedrock  over  which  the  water  runs.  The 
rate  at  which  the  water  runs,  as  well  as  the  amount  of  water, 
determines  how  much  work  it  can  do  in  carrying  material 
and  cutting  away  its  bed.  Thus  we  find  that  rapid  mountain 
torrents,  racing  down  their  valleys  and  pouring  over  falls. 
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move  unbelievably  large  stones,  while  a slow-flowing  river 
may  carry  only  very  fine  sand  and  mud. 

A stream  of  water  soon  digs  a V-shaped  valley  for  itself  as 
it  cuts  deeper  and  deeper  into  the  soil  and  rock.  Tiny  tribu- 
tary streams  run  down  the  sides  of  the  valley  when  it  rains, 
washing  the  material  into  the  main  stream.  Thus  the  valley 
gradually  grows  wider  until  it  reaches  the  valleys  of  neighbor- 


Fig.  41.  Contrast  this  broad,  gently  sloping  valley  of  the  St.  John 
River  with  that  of  the  mountain  stream,  shown  in  Figure  40. 
(Courtesy  Department  of  Interior.) 


ing  streams  and  the  entire  surface  is  lowered.  As  the  high- 
lands are  worn  away  and  the  valley  grows  older,  its  sides 
assume  a more  gentle  slope,  the  stream  which  made  it  runs 
more  slowly,  winding  about  in  its  broad  flat  bottom,  and  the 
rate  of  erosion  gradually  becomes  less. 

As  nearly  as  can  be  estimated,  the  surface  of  the  entire 
country  is  being  lowered  by  streams  at  the  average  rate  of 
one  inch  in  750  years.  This  does  not  seem  very  rapid,  but 
you  must  remember  that  the  solid  rock  must  be  broken  into 
pieces  before  it  can  be  carried  away,  that  there  are  great 
areas  which  are  hardly  being  eroded  at  all  because  their 
slopes  are  too  gentle,  and  that  geological  processes  are  timed, 
not  in  years  nor  in  lifetimes,  but  in  millions  of  years.  Slow 
as  it  seems,  erosion,  at  the  rate  given  above,  would  wear 
down  more  than  a thousand  feet  of  rock  in  a million  years. 

If  we  look  in  a different  way  at  the  amount  of  material 
carried  by  streams,  it  does  not  seem  small.  One  scientist 
estimates  that  the  Mississippi  River  each  year  carries  more 
than  twice  as  much  sediment  into  the  Gulf  of  Mexico 
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as  could  be  carried  by  all  of  the  freight  trains  that  go  into 
Chicago. 

Moving  water  also  wears  away  the  shore  lines  of  lakes  and 
oceans.  The  wind  drives  great  waves  against  the  sloping 
shores  and  bluffs  and  tears  them  down.  Just  as  the  streams 


Fig.  42.  If  the  action  of  the  waves  can  undercut  solid  rock  like  this,  you 
can  easily  imagine  what  it  does  to  soft  earth. 


use  stones  as  cutting  tools,  so  the  waves  pick  up  pieces  of 
loose  rock  and  hurl  them  against  the  part  that  has  not  yet 
given  way.  The  ceaseless  wave  action  is  thus  constantly 
cutting  down  the  exposed  parts  of  the  land  and  moving  the 
material  away.  Probably  the  best  example  of  the  grinding 
action  of  water  is  to  be  seen  along  beaches  where  the  waves  have 
piled  up  some  of  the  materials  with  which  they  have  been  work- 
ing. All  the  stones  which  have  been  acted  on  for  any  length 
of  time  have  had  their  corners  worn  round  by  contact  with 
each  other  and  with  the  sand.  Even  pieces  of  broken  bottles 
are  no  longer  sharp,  but  rounded  off  and  their  polished  sur- 
faces worn  like  those  of  glass  held  against  a grindstone. 

The  part  of  the  water  which  runs  off  the  surface  is  aided  in 
wearing  down  the  land  by  that  part  which  sinks  into  the  soil 
and  into  the  cracks  of  the  rock.  This  water  can  dissolve  a 
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small  amount  of  the  rock  just  as  water  dissolves  salt.  Its 
ability  to  dissolve  the  minerals  of  which  the  rock  is  made  is 
greatly  increased  when  it  contains  carbon  dioxide  and  chemi- 
cals from  decaying  plants.  If  the  water  reaches  the  parts  of 
the  earth  where  the  rock  is  hot  and  under  great  pressure,  it 


Fig.  43.  A room  in  Mammoth  Cave,  Kentucky.  Through  long  ages  of 
time  water  has  been  at  work  dissolving  the  rock  and  carrying  it  away 
in  underground  rivers. 


can  dissolve  minerals  that  are  little  affected  by  water  of  nor- 
mal temperature  and  under  no  pressure. 

Limestone  is  the  kind  of  rock  most  easily  dissolved  by 
water.  Almost  every  limestone  cliff  shows  cracks,  crevices, 
and  little  channels  which  have  been  dissolved  in  the  rock. 
In  some  regions  where  conditions  are  favorable,  great  caves 
with  hundreds  of  miles  of  passageways  have  thus  been  formed. 
Rain  water  from  the  surface  runs  into  the  caves  through  sink 
holes  in  the  upper  layers  of  rock  and  soil.  Both  sink  holes 
and  caves  are  constantly  enlarged.  Occasionally  the  roofs  of 
the  caves  fall  in.  Thus  through  long  ages  the  level  of  the 
entire  region  may  be  lowered  by  the  dissolving  action  of  the 
water.  One  of  the  regions  which  best  illustrates  erosion  by 
solution  is  the  great  cave  region  of  Kentucky. 

Water  thus  wears  away  the  rocks  by  two  methods:  (1)  It 
carries  away  pieces  of  rock  which  grind  down  the  surfaces 
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with  which  they  come  in  contact,  and  (2)  it  dissolves  ma- 
terials in  the  rocks  and  thus  assists  in  the  gradual  wearing 
away  of  the  rocks. 

How  do  glaciers  wear  away  the  land?  In  places  where  more 
snow  falls  in  the  winter  than  melts  in  the  summer,  great 
masses  of  it  accumulate.  Under  the  pressure  of  the  upper 


Fig.  44.  In  the  background  is  shown  the  glacier  which,  when  it  was 
much  larger  than  at  present,  gouged  out  this  U-shaped  valley. 


layers  the  snow  in  the  lower  layers  is  pressed  into  solid  ice. 
You  probably  think  of  ice  as  something  quite  hard  and  inflex- 
ible, but  great  pressure,  such  as  is  produced  by  hundreds  of 
feet  of  its  own  weight,  causes  it  to  flow  slowly  outward  and 
downward.  Such  a mass  of  flowing  ice  is  known  as  a glacier. 
Glaciers  are  found  in  high  mountain  valleys  and  on  the  high- 
lands of  such  cold  countries  as  Alaska  and  Greenland. 

Rocks  frozen  in  the  bottom  and  sides  of  a glacier  cut  away 
the  bedrock  as  the  glacier  moves  along  and  carve  valleys  of 
a characteristic  U-shape  much  different  from  that  of  the 
stream-cut  valleys.  Great  scratches  and  grooves  known  as 
strice  are  left  in  the  surface  of  glaciated  rock  and  help  us  to 
recognize  the  work  of  glaciers  (Figure  45).  Material  from 
the  sides  of  the  valleys  falls  upon  the  ice  and  is  carried  away 
with  that  torn  from  the  bottom  of  the  valley. 

The  Columbia  ice  fields  of  Alberta,  about  half-way  between 
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J asper  and  Banff,  represent  an  extended  glacial  region  of  wonder 
and  beauty.  Glacier  Park,  between  Revelstoke  and  Golden, 
takes  its  name  from  the  glaciers  and  glacier-formed  valleys 
found  there.  Greenland  is  almost  covered  by  a great  glacier,  or 
ice  sheet,  more  than  500,000  square  miles  in  extent  and  believed 
to  be  as  much  as  3000  feet 
thick  in  the  centre.  At  one 
time  in  recent  geological 
history  northern  North 
America  was  covered  by  an 
ice  sheet  which  may  have 
been  a mile  thick  and  which 
reached  as  far  south  as  the 
Ohio  River.  No  sharp 
mountains  and  little  rough 
land  are  to  be  found  in  the 
glaciated  territory.  All  the  Fig.  45.  Striae  found  in  rock  at  Copper 
projecting  rock  features  Ontario, 

were  smoothed  away  by  the  grinding  action  of  the  ice. 

How  does  moving  air  wear  away  the  land?  Under  suitable 
conditions  moving  air  or  wind  plays  a very  noticeable  part  in 
the  erosion  of  the  land.  Dry  dust  on  exposed  places  is  picked 
up  and  carried  for  long  distances.  Sand,  too,  is  moved,  usually 
by  being  blown  along  the  surface.  When  rocks  are  exposed  to 
the  currents  of  air  carrying  sand,  they  are  worn  away  and  sculp- 
tured into  strange  forms.  The  effects  of  the  winds  are  more 
noticeable  in  dry  regions  than  in  moist  regions.  Moisture  holds 
the  soil  together  and  permits  plants  to  grow.  The  plants  protect 
the  surface  from  the  wind,  and  their  roots  help  the  moisture  to 
hold  the  soil  in  place.  In  connection  with  wind  erosion  we 
should  remember,  too,  that  the  wind  is  really  responsible  for 
the  waves  whose  erosive  action  has  already  been  discussed. 

Suggested  Activities.  1.  Find  a place  in  your  neighborhood 
which  shows  the  effects  of  erosion.  Any  stream,  or  bank,  or  garden 
will  repay  careful  examination.  You  may  even  make  erosion  to 
order  by  playing  a fine  spray  of  water  over  a mound  of  soil  or  sand. 
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Observe  carefully  the  work  that  has  been  done  by  the  running 
water.  Try  to  find  miniature  valleys  of  different  ages.  Make  rec- 
ords of  your  observations  in  the  form  of  notes  and  diagrams. 

2.  Crack  open  pieces  of  rock  which  have  been  subjected  to 
weathering.  What  differences  do  you  find  between  the  outside  part 
of  the  rock  and  the  inside?  Do  not  be  discouraged  if  you  do  not 
find  noticeable  differences  in  the  first  specimen  or  two.  Try  a large 
number,  and  prepare  a class  exhibit. 

Self-testing  exercise  3.  Write  a clear  explanation  of  the  dif- 
ference between  weathering  and  erosion.  Also  show  how  each 
aids  the  other  in  wearing  away  the  land. 

Self-testing  exercise  4.  Make  a list  of  the  ways  in  which  erosion 
by  water  is  like  erosion  by  ice.  Make  a second  list  of  the  ways  in 
which  the  two  methods  of  erosion  are  different. 

Self-testing  exercise  5.  The  moon  is  believed  to  have  no  atmos- 
phere at  all.  Which  of  the  changes  described  under  Problem  2 
can  take  place  on  the  moon,  and  which  cannot? 

Problem  3 ; How  Are  the  Low  Parts  of  the  Earth 
Built  Up? 

Study  Suggestion.  All  of  the  rock  and  soil  which  is  taken 
off  the  surface  of  the  land  by  running  water,  ice,  and  wind  must 
be  dropped  somewhere  else.  Because  of  the  pull  of  gravity,  the 
general  tendency  is  to  leave  it  at  points  lower  than  those  from 
which  it  was  taken.  Let  us  see  how  each  of  the  agents  of  erosion 
deposits  the  material  it  carries. 

How  does  moving  water  build  up  the  surface  of  the  earth? 

We  have  already  seen  how  water  carries  more  and  coarser 
material  when  it  is  moving  rapidly  than  when  it  is  moving 
slowly.  When  water  slows  down,  therefore,  it  must  drop  a 
part  of  its  load.  When  it  becomes  quite  still,  it  must  deposit 
all  the  particles  of  rock  and  soil  which  are  heavier  than  the 
water  itself.  It  is  easy  to  see,  too,  that  all  the  varying  sizes 
of  material,  from  fine  mud  to  boulders,  will  tend  to  be  left 
in  different  places.  A large  boulder  which  has  been  rolled 
along  through  a swift,  narrow  part  of  a stream  stops  as 
soon  as  it  reaches  a wider  place  because  the  water  does  not 
run  so  rapidly  there.  When  the  water  slows  up  still  more, 
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the  coarse  gravel  is  deposited.  Later  the  sand  is  dropped,  but 
the  finest  mud  settles  only  where  the  water  is  perfectly  quiet. 

One  result  of  the  difference  in  the  carrying  power  of  water 
moving  at  different  rates  is  thus  seen  to  be  the  sorting  of 
eroded  material.  Coarse  gravel  is  left  in  one  bar,  fine  gravel 


Fig.  46.  In  the  Bad  Lands  of  the  Red  Deer  valley,  Alberta,  erosion 
has  exposed  the  strata  of  the  soil.  (Canadian  National  Railways.) 


in  another  or  in  a different  part  of  the  same  bar,  and  sand 
bars  are  formed  in  different  locations.  A second  result  of  the 
difference  in  the  carrying  power  of  water  is  easily  shown. 

Experiment  10.  How  are  layers  of  sediment  formed?  Secure 
a glass  jar  which  will  hold  at  least  a gallon,  some  sand,  and  some 
dark  soil.  Place  about  an  inch  of  sand  evenly  spread  in  the  jar  and 
fill  the  jar  half  full  of  water.  Mix  the  remaining  sand  and  the  soil 
together.  In  a separate  vessel  stir  up  a large  handful  of  the  mixed 
sand  and  soil  with  about  a pint  of  water,  and  pour  it  quickly  into 
the  water  in  the  large  jar.  Allow  the  sediment  to  settle  for  ten  or 
fifteen  minutes.  Then  pour  in  another  handful  of  sediment  mixed 
with  water.  Repeat  the  additions  of  sediment  and  the  periods  of 
settling  several  times  if  you  can  do  so.  Examine  the  condition  of 
the  settled  material  through  the  glass  wall  of  the  jar.  What  do 
you  discover? 

Water-formed  deposits  are  distinguished  by  layers,  or 
strata,  similar  to  those  which  you  produced  in  the  bottom  of 
the  jar  by  the  experiment.  After  some  unusual  disturbance, 
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such  as  a storm,  the  coarser  material  settles  at  the  first 
opportunity,  just  as  the  sand  did  in  the  jar.  Afterwards,  as 
the  stream  flows  more  and  more  slowly,  finer  and  finer  mate- 
rials are  left  on  top  of  the  first  deposit.  Another  storm  may 
cause  a second  layer,  or  stratum,  of  material  to  be  deposited. 
Different  strata  may  also  be  formed  at  different  seasons  of 
the  year  when  the  rates  of  erosion  are  different,  or  they  may 


Fig.  47.  The  broad,  level  flood  plain  of  a slow-moving  river.  There 
are  few  such  rivers  in  Canada. 


be  formed  during  a period  of  many  years.  Later  we  shall 
see  that  deposits  of  eroded  material  made  in  a different  way 
do  not  contain  distinct  strata. 

Let  us  now  follow  a stream  from  its  source  to  some  lake 
or  ocean  and  see  how  it  deposits  its  load  in  different  places. 
In  the  upper  parts  of  its  valley  we  find  a limited  amount  of 
newly  deposited  material,  for  it  is  here  that  the  most  rapid 
erosion  is  going  on.  The  stream  bed  is  strewn  with  boulders 
which  the  water  can  move  only  at  flood  time.  A few  gravel 
deposits  left  by  floods  can  be  found  at  the  sides  of  the  stream. 
In  the  pools  are  tiny  sand  bars.  Farther  down,  where  the 
stream  has  become  a river,  great  bars  of  gravel  and  sand 
are  to  be  seen  at  points  where  the  current  is  checked  by 
reaches  of  quiet  water.  At  the  bottom  of  the  quiet  water  is 
a layer  of  mud.  At  the  sides  of  the  river  are  wide,  level  flood 
plains.  There  the  waters  of  the  flooded  river  were  spread 
out  and  slowed  down  when  they  were  carrying  their  heaviest 
load  of  soil  from  the  uplands. 
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An  interesting  and  sometimes  dangerous  situation  is  found 
along  the  flood  plain  of  the  slow-flowing  part  of  the  river. 
At  flood  time,  when  the  water  runs  out  over  the  flood  plain, 
more  material  is  dropped  near  the  river  than  farther  back. 


Fig.  48.  An  airplane  view  of  part  of  the  Mississippi  River  delta. 


This  deposit  raises  the  land  near  the  river  and  gradually 
builds  up  low  embankments  known  as  natural  levees.  As  the 
bed  of  the  river  is  filled  in  with  more  sediment,  the  levees 
also  grow  higher.  The  river  thus  comes  to  flow  at  a level 
which  is  actually  higher  than  its  flood  plain.  Then,  when  a 
larger  flood  than  usual  occurs,  the  river  may  leave  its  old 
bed  and  seek  a new  channel  in  a lower  part  of  the  plain. 

Much  of  the  material  carried  by  the  river  is  not  deposited 
in  the  stream  bed  nor  on  the  flood  plain,  but  is  carried  all 
the  way  to  the  ocean.  There  the  current  is  suddenly  slackened 
when  it  meets  the  quiet  ocean  waters.  Everything  but  the 
very  finest  mud  settles  near  the  mouth  of  the  river,  building 
up  a delta  which  extends  for  a long  way  out  into  the  ocean. 
The  Mississippi  River  has  built  just  such  a delta  which 
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reaches  more  than  two  hundred  miles  out  into  the  Gulf  of 
Mexico.  The  Hoang  Ho  of  China  has  a delta  more  than 
four  hundred  miles  long  and  from  one  hundred  to  two 
hundred  miles  wide.  The  very  finest  sediment  is  not  de- 
posited on  the  delta,  but  is  spread  very  widely  over  the 
bottom  of  the  ocean  and  thus  slowly  builds  it  up. 

Waves  and  shore  cur- 
rents make  deposits  some- 
what different  from  those 
built  up  by  streams. 
Beaches  are  built  of  sand 
carried  into  sheltered  places 
by  the  waves.  Some  of  the 
sand  is  piled  up  to  form  a 
series  of  offshore  bars  be- 
cause of  the  peculiar  action 
of  the  waves.  The  fine  sedi- 
ment washed  off  the  shore 
finally  settles  in  deep  water. 
A great  many  interesting 
features  of  the  earth  have  been  formed  by  the  deposit  of 
minerals  carried  in  solution  in  the  water.  In  caves  the  water, 
which  trickles  through  the  roof  and  down  the  sides,  has  dis- 
solved all  the  material  it  could  while  it  was  pavssing  through 
the  rocks  and  soil  above.  In  dissolving  these  minerals  it  has 
the  aid  of  carbon  dioxide  and  other  chemicals  from  the  roots 
of  plants  and  from  decaying  material  in  the  soil.  As  soon  as 
the  water  which  has  been  loaded  with  minerals  in  this  way 
is  exposed  to  the  air  in  the  cave,  some  of  the  carbon  dioxide 
escapes,  and  some  of  the  water  evaporates.  As  a result,  the 
minerals  are  changed  back  into  a solid  form  and  left  in  the 
cave,  often  in  the  most  curious  shapes  (Figure  43). 

Not  all  the  formations  made  from  dissolved  minerals  are 
found  in  the  ground.  In  some  places  water  deep  in  the  earth 
is  made  to  dissolve  a large  amount  of  rock  by  the  great  heat 
and  pressure  which  exist  there.  This  water  coming  to  the 
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surface  in  hot  springs  and  geysers  deposits  some  of  its  minerals 
in  striking  forms  about  the  openings.  One  kind  of  rock  built 
up  in  this  way  is  known  as  travertine.  Cracks  deep  in  the 
rocks  are  sometimes  filled  with  minerals  carried  there  by  the 
water.  Geologists  call  such  deposits  veins.  In  some  parts  of 
the  world  crystals  of  gold  or  of  the  ores  of  other  metals  are 
found  among  the  crystals  of  quartz  which  make  up  the  veins. 


Fig.  50.  From  minerals  in  the  water  the  coral  builds  its  hard  skeleton. 
Off  the  northeast  coast  of  Australia  there  extends  a great  coral  reef 
nearly  thirteen  hundred  miles  in  length,  made  entirely  from  the 
skeletons  of  these  little  sea  animals. 

We  must  remember,  however,  that  not  all  the  dissolved 
minerals  are  left  in  and  on  the  land.  By  far  the  larger  part 
goes  into  the  streams  and  is  finally  carried  into  the  ocean 
or  into  lakes  that  have  no  outlet  into  the  ocean.  There  the 
water  evaporates.  As  more  and  more  water  runs  in  and 
evaporates,  the  strength,  or  concentration,  of  the  solution 
becomes  greater.  Through  chemical  action  some  of  the  min- 
erals change  to  solids  and  settle  to  the  bottom.  Others 
are  used  by  sea  animals  to  build  their  skeletons  and  shells. 
As  the  animals  die,  their  bodies  settle  to  the  bottom,  and  the 
hard  parts  gradually  form  layers  which  are  finally  changed 
into  limestone.  Common  salt  tends  to  remain  in  the  water 
mixed  with  some  other  chemicals,  and  so  we  find  that  the 
ocean  and  such  lakes  as  have  no  outlet  are  salty.  In  case  a 
great  salt  lake  dries  up  completely,  the  salt,  with  whatever 
other  chemicals  are  in  the  water,  is  left  in  the  bed  of  the  lake. 
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Rock  salt  is  believed  to  have  been  formed  in  some  such  way 
through  the  repeated  filling  and  evaporation  of  a basin  of 
salt  water.  Rock  salt  five  hundred  feet  thick  is  found  in 
New  Brunswick.  In  Germany  some  of  the  deposits  of  salt 
are  5000  feet  thick. 

How  do  glaciers  build  up  the  land?  In  Problem  2 we  found 
that  glaciers  are  powerful  agents  of  erosion,  able  to  cut  away 


Fig.  51.  The  end  of  Great  Glacier,  Glacier,  British  Columbia.  Along 
the  edges  of  the  melting  ice  of  the  glacier  are  moraines. 


solid  rock,  grind  much  of  it  into  powder,  and  carry  the 
material  which  they  have  eroded  far  from  its  original  posi- 
tion. All  the  material  transported  by  the  ice  is  called  glacial 
drift.  When  the  ice  melts,  its  load  of  drift  is  dropped.  Great 
ridges  of  it  are  piled  up  at  the  front  of  the  glacier  and  along 
its  sides.  The  ridges  at  the  front  are  known  to  geologists  as 
terminal  moraines,  and  those  along  the  sides  are  lateral 
moraines.  Often  the  edge  of  a glacier  will  remain  almost 
stationary  for  long  periods  of  time  because  the  glacier  moves 
forward  only  as  fast  as  it  melts  at  the  front.  In  this  way  the 
ice  brings  down  more  and  more  drift  and  drops  it  at  the 
same  place,  piling  up  a large  terminal  moraine.  Then  the 
glacier  will  be  melted  back  quite  rapidly  for  a time,  only  to 
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become  stationary  again.  In  this  way  a series  of  terminal 
moraines  may  be  built  up  by  the  same  glacier.  Sometimes 
masses  of  glacial  clay  (powdered  rock)  and  boulders  are 
formed  beneath  a glacier.  These  are  known  as  ground  moraines 
and  may  be  found  in  low  and  otherwise  protected  places 
of  glaciated  regions  after  the  glacier  has  melted  away. 

Glacial  drift  is  easily  dis- 
tinguished from  water- 
formed  deposits  by  those 
who  are  accustomed  to  the 
study  of  the  earth  and  its 
features.  It  is  unsorted  and 
unstratified,  the  largest 
boulders  often  being  found 
in  a mixture  of  smaller 
stones  and  clay.  The  bould- 
ers have  characteristic 
shapes  because  of  the  action 
of  the  ice.  Instead  of  being 
rounded  all  over  as  stream- 
formed  boulders  are,  they 
have  a number  of  flattened 
sides,  and,  what  is  most  sig- 
nificant, the  flattened  sides  are  marked  with  parallel  scratches. 

Not  all  glacial  drift  stays  where  it  is  dropped.  The  streams 
formed  by  the  melting  of  the  ice  immediately  pick  up  a great 
deal  of  the  drift  and  carry  it  away  to  form  stratified  and 
sorted  deposits.  These  may  be  found  in  all  possible  combina- 
tions with  the  glacial  drift.  Streams  run  on  top  of  and  under- 
neath the  glacier;  they  pour  out  into  lakes  that  are  formed 
between  the  moraines  and  the  edge  of  the  glacier;  they  cut 
through  the  moraines  themselves  and  rush  away  into  larger 
streams,  leaving  their  deposits  of  gravel,  sand,  and  clay 
wherever  they  go. 

It  is  by  the  study  of  just  such  deposits  as  have  been  de- 
scribed above  that  we  know  of  the  great  ice  sheet  which 


Fig.  52.  The  flat  surfaces  of  this  gla- 
ciated stone  look  as  if  they  had  been 
smoothed  off  by  a grindstone. 
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once  covered  much  of  our  country.  From  the  Atlantic  coast 
to  the  mountains  of  Alberta  and  as  far  south  as  the  Ohio 
and  Missouri  rivers  is  a great  layer  of  drift,  hundreds  of 
feet  thick  in  some  places,  which  could  only  have  been  brought 
there  by  a glacier  or  a series  of  glaciers.  Scattered  through 
this  drift  are  boulders  of  granite,  although  large  areas  of  the 


Fig.  53.  The  North  American  ice  sheet.  Note  that  it  spread  out  from 
three  main  centres,  covering  all  of  Canada,  and  some  of  the  northern 
states. 


drift  sheet  on  Canadian  plains  rests  on  other  kinds  of  rock, 
such  as  sandstone  and  limestone.  Far  to  the  north  are  the 
main  bodies  of  granite  of  the  same  type  as  the  boulders, 
and  from  which  the  boulders  must  have  come.  Buried 
beneath  the  drift  are  the  valleys  of  streams  which  existed 
before  the  glacier  came. 

Upon  the  surface  of  the  glacial  drift  are  the  sand  and 
mud  deposits  and  the  old  beach  lines  of  a number  of  large 
lakes  formed  while  the  ice  closed  the  outlets  of  rivers  flowing 
northward.  Hollows  left  among  the  moraines  when  the  ice 
withdrew  are  still  filled  with  innumerable  lakes  and  swamps. 
Had  it  not  been  for  the  work  of  this  great  glacier  in  tearing 
down  the  high  places,  filling  up  the  low  places,  digging  out 
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huge  basins,  the  largest  of  which  are  occupied  now  by  the 
Great  Lakes,  and  leaving  a layer  of  rich  soil  over  regions  east 
and  west  of  the  Laurentians,  the  appearance  and  history  of 
our  country  would  have  been  quite  different. 

How  does  wind  build  up  the  land?  Wind,  being  an  eroding 
and  transporting  agent,  is  no  less  a builder.  Its  work  is 
most  noticeable  along  lake  and  ocean  shores  and  in  desert 
regions,  for,  as  we  have 
already  seen,  it  is  only  able 
to  pick  up  material  where 
the  soil  is  dry  and  barren. 

Along  a beach  the  sand 
washed  up  by  the  waves 
soon  dries.  This  dry  sand 
is  blown  along  until  some 
obstruction,  such  as  a stone 
or  a plant,  interferes  with 
the  moving  air.  Then  it  is 
dropped  behind  the  ob- 
struction and  forms  a little 
mound  which  is  itself  an  obstruction.  The  sand  continues  to 
be  blown  up  the  face  of  the  mound  and  dropped  at  the  back 
until  a large  sand  dune  is  formed.  In  Prince  Edward  County 
in  Ontario,  a line  of  dunes  several  miles  in  length  has  been 
moved  inland  by  constant  winds,  in  some  places  a distance 
of  three  miles.  Unless  held  by  plants,  the  dunes  are  slowly 
moved  forward  by  the  wind,  large  ones  sometimes  travelling 
as  much  as  fifty  feet  a year.  They  bury  forests  and  streams 
and  houses.  In  a similar  way  dunes  form  in  desert  regions. 
The  sites  of  a number  of  ancient  cities  in  northern  Africa 
and  southwestern  Asia  have  been  hidden  for  hundreds  of 
years  by  wind-blown  sand. 

In  many  places  in  the  world  geologists  find  deposits  of  fine 
material  hundreds  and  even  thousands  of  feet  in  depth  which 
they  believe  have  been  at  least  partly  formed  from  wind- 
blown dust.  Volcanic  ash  is  also  blown  away  from  its  source 


Fig  54.  Conifers  newly  planted  to 
prevent  soil  drifting  at  Berthierville, 
Quebec.  The  brush  gives  protection 
to  the  young  trees. 
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by  the  wind,  to  fall  over  large  areas,  and  even  in  distant 
places,  in  depths  varying  from  a thin  covering  to  many  feet. 
The  eruption  of  an  Icelandic  volcano  in  1783  threw  out  dust 
which  destroyed  the  crops  in  Scotland  700  miles  away.  When 
Kratakao  exploded  in  the  East  Indies  in  1883,  ships  1600 
miles  away  were  covered  with  the  dust  three  days  later. 

You  have  probably  no- 
ticed already  that  the 
agents  of  transportation 
are  able  to  pile  up  ridges 
and  mounds  of  the  material 
which  they  carry.  Thus 
they  hardly  seem  to  be  fill- 
ing up  the  low  places.  Yet 
all  these  deposits  are  very 
small  and  low  when  com- 
pared with  the  mountains 
from  which  the  material 
was  originally  taken,  and  the  general  tendency  is  still  to  tear 
down  the  high  places  and  fill  up  the  hollows. 

From  what  has  been  said  you  can  see  that  the  soil  which 
covers  the  surface  of  a large  part  of  the  world  is  not  residual 
soil,  but  transported  soil  which  has  been  brought  to  its  present 
location  by  the  action  of  moving  water,  ice,  or  air.  However, 
not  all  of  the  material  which  has  been  moved  into  the  low 
parts  of  the  earth’s  surface  by  these  agents  now  exists  as 
soil.  A very  large  part  of  the  transported  materials  has 
been  changed  into  rock. 

How  are  rocks  formed  from  eroded  material?  The  rocks 
formed  from  eroded  materials  are  called  sedimentary  rocks. 
They  usually  have  very  noticeable  layers,  or  strata,  because 
of  the  way  in  which  they  were  formed  and  are  sometimes 
referred  to  as  stratified  rocks  in  contrast  to  unstratified 
kinds,  of  which  we  shall  learn  in  Problem  4.  The  com- 
mon kinds  of  sedimentary  rock  are  limestone,  sandstone 
and  shale.  Conglomerate  is  not  at  all  unusual.  This  is  gravel 


Fig.  55.  Strata  of  limestone  near 
Stonewall,  Manitoba. 
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and  sand,  clay,  or  other  fine  material  pressed  together  into 
rock  (Figure  56). 

As  we  have  already  seen,  limestone  is  formed  in  the  bot- 
toms of  large  bodies  of  water,  largely  from  the  shells  and 
skeletons  of  animals.  These  animals  (and  sometimes  plants) 
take  lime  from  water  and  from  their  food  and  build  it  into 
their  own  bodies.  When  the  animals  die,  their  bodies  fall 
to  the  bottom  of  the  water. 

The  soft  parts  decay,  but 
the  skeletons  and  shells 
gradually  build  up  the 
bottom.  More  and  more 
material  is  piled  on  top  of 
them,  and  they  are  finally 
changed  into  a layer  of  rock 
in  which  the  fossilized  parts 
may  still  be  seen. 

The  other  three  kinds  of 
sedimentary  rock  are  made 
from  the  various  sizes  of 
materials  deposited  by  the  water.  Gravel,  buried  under  thou- 
sands of  feet  of  other  material,  is  changed  by  the  great  pressure 
and  by  the  cementing  action  of  minerals  into  conglomerate. 
Sand  is  changed  into  sandstone  in  much  the  same  way,  and 
mud  or  clay  is  pressed  into  the  relatively  soft  rock  called  shale. 

Suggested  Activities.^  1.  Examine  the  soil  and  sub-soil  of 
your  locality  and  try  to  determine  by  observation  how  it  was 
formed.  Then  write  to  your  state  geologist  asking  for  information 
about  the  soil  in  your  part  of  the  state. 

2.  Find  out  what  kind  of  rock  underlies  your  locality.  Col- 
lect samples. 

3.  If  you  live  in  a glaciated  area,  collect  samples  of  rock  from 
the  drift.  Take  pictures  of  exposed  deposits  and  of  surface  forma- 
tions, to  show  the  effects  of  glacial  action. 

4.  Make  a collection  of  kodak  pictures  to  show  the  develop- 
ment of  valleys.  Perhaps  you  can  follow  a small  stream  from  its 
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source  in  a gully  to  where  it  empties  into  a larger  stream  and  show 
how  its  character  changes.  The  oldest  part  of  the  valley  is  at  its 
mouth,  and  the  youngest  at  its  source. 

Self-testing  exercise  6.  Write  a one-page  essay  in  answer  to  the 
question  of  Problem  3. 

Problem  4:  How  Are  the  Highlands  Renewed? 

Study  Suggestion.  Gravity,  aided  by  the  agents  of  weathering  and 
erosion,  tends,  as  we  have  seen,  to  tear  down  the  high  parts  of  the 
earth’s  surface  and  fill  up  the  low.  If  erosion  were  allowed  to  go 
on  indefinitely,  the  land  would  all  be  worn  down  into  a great  plain 
which  would  have  just  enough  slope  to  let  the  water  run  off  without 
carrying  any  sediment.  The  oceans  would  be  at  least  partly  filled,  so 
that  their  water  would  overflow  part  of  the  land.  Thus,  there  would 
be  much  less  land  than  there  is  today,  and  what  was  left  would  be  a 
monotonous,  low-lying  plain.  Certainly  there  has  been  enough  time 
since  the  earth  was  formed  for  such  a thing  to  happen.  How  is  it 
prevented?  You  will  find  the  answer  in  this  problem. 

How  does  volcanic  action  build  up  the  earth’s  surface? 

The  indications  are  that  the  inside  of  the  earth  is  very  hot. 
As  we  dig  deeper  and  deeper  in  mines,  the  temperature 
increases  at  the  rate  of  one  degree  for  each  fifty  or  sixty 
feet.  At  a depth  of  seventy-five  miles,  which  is  really  only 
a short  way  into  the  earth’s  crust,  the  temperature  would  be 
above  the  melting  point  of  any  substance  known  at  the  surface 
of  the  earth. 

We  do  not  know  just  where  all  the  heat  comes  from. 
Geologists  believe,  as  you  have  learned,  that  the  earth  was 
formed  as  a mass  of  white  hot  gas  like  the  sun,  and  that  it 
gradually  cooled,  forming  a liquid,  and  then  a solid.  For  a 
time  it  was  believed  that  the  heat  within  the  earth  is  only 
that  left  over  from  the  beginning.  It  is  now  believed  that 
the  enormous  pressure  of  the  crust  of  the  earth  on  the 
materials  within  the  earth  helps  to  produce  the  heat,  and 
that  radium  and  other  substances  within  the  earth  are  con- 
stantly undergoing  chemical  changes  which  keep  the  interior 
of  the  earth  hot. 
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Scientists  once  believed,  also,  that  the  inner  part  of  the 
earth  was  a liquid,  on  which  the  outer,  solid  part  floated. 
They  have  come  to  the  conclusion,  however,  that  the  great 
pressure  of  the  upper  layers,  which  is  probably  hundreds  or 
even  thousands  of  tons  to  the  square  inch,  keeps  most  of  the 
inside  part  from  melting.  The  pressure  is  relieved  now  and 
then  by  shifts  in  the  earth’s 
crust,  or  else  some  parts 
get  hotter  than  others.  As 
a result,  some  of  the  rocks 
do  melt  and  form  masses 
of  molten  rock.  This  is 
known  as  magma  while  it 
is  inside  the  earth  and  as 
lava  when  it  reaches  the  sur- 
face. Gradually  the  magma 
works  its  way  to  the  sur- 
face by  melting  the  rocks 
above  it  and  finding  weak 
places  through  which  it  can 
pass.  Sometimes  it  forces  its  way  in  between  layers  of  sedimen- 
tary rock,  lifting  up  the  surface  of  the  earth  above  and  finally 
hardening  into  igneous  (fire-formed)  rocks,  such  as  granite  and 
basalt  (Figure  58) . At  other  times  the  molten  rock  fills  great 
cracks  in  the  earth  and  hardens,  forming  wall-like  masses 
which  are  known  as  dikes. 

However,  not  all  the  magma  hardens  inside  the  earth.  It 
may  reach  the  surface,  and  build  up  great,  cone-shaped 
mountains  which  we  call  volcanoes.  You  might  expect  that, 
upon  reaching  the  surface,  the  magma,  or  lava  as  it  is  then 
called,  would  simply  flow  out  and  harden.  This  sometimes 
occurs,  as  in  the  volcanoes  of  Hawaii.  When  formed  of  lava 
alone,  a volcano  has  very  gentle  slopes.  Often,  however, 
steam  and  other  gases  are  present  in  the  lava.  As  the  material 
gets  nearer  and  nearer  the  surface,  the  pressure  becomes  less 
and  the  gases  expand,  blowing  the  lava  high  in  the  air  and 


Fig.  57.  A mass  of  lava  at  Jordan 
Craters,  Idaho.  Great  areas  of  land  in 
this  region  are  volcanic  in  origin, 
(U.  S.  Geological  Survey) 
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separating  it  into  pieces  of  all  sizes.  Such  material  is  known 
as  volcanic  ash  and  forms  the  high  “cinder-cones”  of  which 
we  usually  think  in  connection  with  active  volcanoes.  In  a 
number  of  volcanic  eruptions  the  force  has  been  so  great  as 
to  blow  away  the  sides  of  mountains  and  cover  the  country 

for  miles  around  with  volcanic 
ash  to  a depth  of  many  feet. 
The  movements  of  the  magma 
and  the  explosions  connected 
with  volcanic  eruptions  are  two 
causes  of  earthquakes. 

At  various  times  in  past  ages 
great  cracks,  or  fissures,  seem  to 
have  opened  in  the  earth,  and 
lava  has  poured  out  over  great 
areas  of  its  surface.  On  British 
Columbia  plateaus  these  lava 
leaks  extend  over  an  area  900 
miles  long  with  an  average  width 
of  1 00  miles.  In  one  place,  where 
the  bed  runs  into  the  United 
States,  a river  has  cut  through 
to  expose  thirty  different  layers 
of  lava.  A great  lava  bed  in  India 
covers  an  area  of  200,000  square  miles  and  is  more  than 
a mile  thick.  The  weathering  of  lava  produces  very  rich 
soil,  and  fertile  agricultural  lands  now  exist  on  what  was 
once  molten  lava. 

From  the  facts  that  have  been  given,  you  can  readily  see 
that  volcanic  action,  or  vulcanism,  has  been  one  of  the  impor- 
tant ways  of  building  up  the  parts  of  the  earth  which  are 
constantly  being  worn  down  by  erosion.  Although  we  usually 
think  of  volcanoes  when  vulcanism  is  mentioned,  the  molten 
rock  which  has  been  pushed  in  between  other  layers  of  rock 
and  the  great  quiet  lava  flows  have  probably  built  up  the 
land  more  than  have  the  volcanoes. 


Fig.  58.  Devil’s  Tower,  Wyo- 
ming, a great  mass  of  basalt 
pushed  up  and  exposed  when 
the  softer  materials  around  it 
were  washed  and  blown  away. 

(©Dick  Stone.) 
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How  are  mountains  and  plateaus  formed?  We  do  not  know 
exactly  why,  but  great  areas  of  land  are  known  to  rise  and 
sink  at  different  times.  The  northern  part  of  the  Atlantic 
coast  has  been  sinking  during  recent  geological  time.  The 
valleys  of  the  Hudson  and  the  St.  Lawrence  rivers  can  be 


Fig.  59.  Notice  how  this  rock  has  been  bent  as  if  by  some  giant  hand. 

traced  for  hundreds  of  miles  beneath  the  ocean,  and,  of 
course,  rivers  do  not  dig  valleys  under  the  sea!  In  the 
neighborhood  of  Lake  Champlain  there  is  evidence  of  a 
beach  now  500  feet  above  the  lake.  It  is  not  just  a lake 
beach,  either,  for  the  shells  in  the  sand  are  those  of  sea 
animals,  and  the  skeleton  of  a whale  was  once  dug  up  in  an 
ancient  inlet  along  the  old  shore  line!  Some  of  our  sedimen- 
tary rocks  could  only  have  been  laid  down  in  the  ocean,  yet 
now  we  find  them  high  in  the  mountains,  thousands  of  feet 
above  the  ocean.  Such  surprising  things  can  only  be  accounted 
for  by  changes  in  the  level  of  the  land.  % 

Not  only  is  the  crust  of  the  earth  known  to  be  lifted  up  at 
times  by  some  gigantic  internal  force,  but  it  is  bent  and 
doubled  up  as  a pile  of  paper  doubles  up  when  you  lay  it  on 
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the  table  and  push  inward  on  its  edges.  We  know  this  because 
in  many  places  the  sedimentary  rocks,  which  are  level  or 
almost  level  when  made,  are  now  found  tilted  at  all  possible 
angles  and  folded  in  many  ways  as  if  by  some  giant  hand. 
In  some  places  the  force  has  been  so  great  that  the  rocks 
have  broken  and  slipped  past  each  other,  either  sidewise  or 
up  and  down.  Such  breaks  in  the  rocks  are  known  as  faults. 


Fig.  60.  The  Sawback  Ridge,  Alberta,  formed  by  the  lifting  and 
the  tilting  of  gigantic  layers  of  rock. 


When  rocks  along  a fault  are  put  under  strain  and  sud- 
denly give  way,  even  for  a few  feet,  there  is  an  earthquake. 
In  1906  a large  part  of  the  city  of  San  Francisco  was  shaken 
down  by  an  earthquake.  A crack  in  the  earth  three  hundred 
miles  long  showed  that  the  rocks  had  slipped  past  one  another 
at  a fault  which  had  long  been  known  to  geologists.  Fences 
which  crossed  the  fault  were  broken,  and  their  broken  ends 
moved  along  until  they  failed  to  meet  by  as  much  as  twenty 
feet.  The  rising  and  sinking  of  the  land,  the  bending  and 
folding  and  faulting  of  the  rocks  which  produce  these  changes 
are  all  parts  of  the  great  process  of  diastrophism.  {Dias- 
trophism  is  the  name  given  to  the  movements  which  take 
place  in  the  crust  of  the  earth.) 
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We  can  readily  see,  now,  how  diastrophism  affects  the 
surface  of  the  earth.  In  the  first  place,  it  lifts  the  sedimentary 
rocks  out  of  the  sea  and  adds  to  the  land.  Second,  it  puts  the 
rocks  under  such  great  pressure  from  the  sides  that  they  are 
bent  into  great  folds,  thus  producing  folded  mountains. 
Third,  it  puts  the  rocks  under  such  a strain  that  they  break 
and  slip  past  each 
other,  producingfaults. 

Sometimes  the  rocks 
on  one  side  of  a fault 
are  lifted  up  into  a 
great  sloping  ridge.  At 
other  times  the  land 
between  two  faults  is 
lifted  up  and  tilted  to 
produce  block  moun- 
tains. In  case  these 
changes  elevate  a large 
area  above  its  sur- 
roundings, a plateau  is 
formed. 


Fig.  61.  A crack  in  the  earth’s  surface  caused 
by  an  earthquake. 


Mountains,  as  we  see 
them  today,  are  not 
due  to  diastrophism 
alone.  As  soon  as  a portion  of  the  land  begins  to  be  uplifted, 
erosion  begins  to  tear  it  down  and  change  its  shape.  Through 
the  millions  of  years  that  it  probably  takes  to  produce  a range 
of  mountains,  the  two  opposing  processes  are  at  work.  The 
rocks  are  lifted  up  and  exposed  to  erosion.  The  kinds  that  are 
easily  destroyed  are  carried  away,  leaving  the  layers  and  ridges 
of  hard  rock.  Some  mountains  are  only  the  hard  parts  of  old 
plateaus  that  have  been  left  standing  when  the  streams  carried 
away  the  material  between  them. 

The  process  of  diastrophism,  together  with  the  great  heat 
in  the  interior  of  the  earth,  so  changes  igneous  and  sedimen- 
tary rocks  that  they  are  placed  in  a new  class  and  called 


80 


EVERYDAY  PROBLEMS  IN  SCIENCE 


metamorphic  (changed)  rocks.  Granite  is  changed  to  gneiss, 
sandstone  forms  quartzite,  limestone  becomes  the  harder 
and  more  beautiful  marble,  and  shale  is  transformed  into  slate. 

Mountain-forming  forces  do  not  seem  to  have  been  equally 
active  at  all  periods  of  the  earth’s  history.  Facts  which  have 
been  discovered  seem  to  show  that  great  mountain  ranges 
have  been  raised  up  within  comparatively  brief  periods  of 
geological  time  and  then  have  been  worn  down  almost  to 
plains  during  long  quiet  periods.  Then  again,  the  internal 
forces  of  the  earth  have  become  active  and  made  more  moun- 
tains. Four  times,  at  least,  has  this  happened  in  Europe. 
Thus  we  believe  that  the  surface  of  the  earth  goes  through 
great  cycles  or  series  of  events  which  are  repeated  time  after 
time.  What  great  changes  within  the  earth  cause  the  periods 
of  diastrophism  are,  however,  still  a mystery. 

Suggested  Activities.  1.  Make  a pile  of  strips  of  cloth  at 
least  eighteen  inches  long.  With  two  books  or  blocks  of  wood 
resting  on  the  table,  push  inward  on  the  ends  of  the  pile.  Do  the 
results  resemble  the  effects  of  diastrophism  on  rocks? 

2.  With  clay  and  other  materials  make  models  to  illustrate  the 
land  features  and  changes  discussed  under  Problem  4. 

Self-testing  exercise  7.  (a)  Tell  briefly,  but  accurately,  the 

probable  story  of  a piece  of  lava  now  lying  on  the  slope  of  Mt. 
Vesuvius. 

{b)  Similarly,  tell  the  story  of  a block  of  limestone  that  is  now 
perched  high  in  the  Rocky  Mountains. 

Self-testing  exercise  8.  The  study  of  Problems  3 and  4 has 
shown  how  the  surface  of  the  earth  is  built  up  and  renewed.  The 
material  that  you  studied  in  Problem  2 explained  how  the  surface 
of  the  earth  is  worn  away.  Make  a table  that  will  show  the 
different  effects  of  the  various  agencies  discussed  in  these  three 
problems,  thus: 


Effects  of  Various  Agencies  on  the  Surface 
OF  THE  Land 


Agency 

Wearing-Down  Effect 

Building-U'p  Effect 

Running  water 

Erodes  rocks 

Dissolves  materials  in 
rocks 

Deposits  materials  in  low 
places 
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Problem  5:  How  Is  the  History  of  the  Earth 
Reconstructed  ? 

Study  Suggestion.  In  order  to  think  intelligently  it  is  very 
important  for  us  to  know  something  of  the  way  in  which  scientists 
collect  their  knowledge.  Information  obtained  in  some  ways  is 
not  reliable,  and  opinions  based  on  such  information  are  worse 
than  useless,  for  they  lead  us  astray.  Read  the  following  material 
with  a questioning  attitude.  As  you  read,  ask  yourself:  Are  these 
methods  of  discovering  the  history  of  the  earth  reasonable  and 
dependable,  or  not? 

How  are  the  events  of  the  past  discovered?  The  first 
and  most  important  way  we  have  of  finding  out  what  has 
happened  in  the  past  is  observation  of  the  processes  and 
forces  which  are  at  work  on  the  earth  today.  A geologist  who 
has  watched  the  waves  at  work  on  a beach,  bringing  in 
pebbles,  sand,  and  shells  and  piling  them  up  together  in  a 
certain  shape,  can  readily  recognize  beaches  which  have 
been  made  in  the  past  although  they  may  now  be  far  from 
any  body  of  water.  On  the  other  hand,  a man  who  had  never 
seen  nor  heard  of  a glacier  with  its  rounded,  striated  bed 
and  strangely  mixed  load  containing  striated  boulders  would 
probably  never  be  able  to  explain  how  such  boulders  were 
buried  under  the  rich  farm  land  of  central  Indiana  and  other 
prairie  states. 

Not  all  geological  processes  are  as  easy  to  observe  as 
those  which  have  been  mentioned.  Some  of  them  can  only 
go  on  deep  in  the  earth  or  in  the  bottom  of  the  sea  where 
we  cannot  observe  them.  Others  take  place  so  slowly  that 
the  time  which  has  passed  since  human  history  began  has 
not  been  enough  to  produce  noticeable  results.  The  great- 
est puzzles  of  geology  today  are  the  results  of  processes 
which  the  geologists  have  been  unable  to  observe  or  pro- 
duce by  experiment.  How  was  the  earth  formed?  How 
were  the  original  continents  and  ocean  basins  produced? 
What  changes  inside  the  earth  really  cause  vulcanism  and 
diastrophism?  What  made  the  climate  change  enough  to 
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grow  coral  in  Greenland  at  one  time  and  at  another  to  pro- 
duce glaciers  all  over  northern  Europe  and  America  where 
the  coral  of  tropical  regions  had  grown? 

The  second  important  factor  in  reading  the  history  of 
the  past  is  a wide  and  accurate  knowledge  of  the  earth’s 


Fig.  62.  You  can  easily  see  how  a deep  canyon  like  that  cut  by  the 
Colorado  River  gives  man  the  opportunity  to  study  the  formations  of 
the  earth.  (©H.  Armstrong  Roberts.) 


crust.  In  the  story  of  this  unit  it  is  pointed  out  that  little 
progress  was  made  in  learning  the  earth’s  history  until 
many  men  had  made  careful  observations  in  many  places, 
and  had  told  one  another  what  they  had  seen. 

Knowledge  of  the  surface  of  the  earth  is  comparatively 
easy  to  get.  But  of  the  4000  miles  between  us  and  the  centre 
of  the  earth  we  know  by  observation  nothing  below  a depth 
of  about  two  miles.  Only  a few  wells  reach  even  to  that 
depth.  Mines  and  other  excavations  give  us  some  further 
knowledge  of  the  inside  of  the  earth,  but  for  the  most  part 
we  must  depend  on  natural  forces  to  do  our  excavating  for 
us  and  to  expose  the  structure  of  the  earth’s  crust.  As  we 
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have  already  seen,  this  is  done  in  two  ways.  First,  the  rocks 
are  broken  in  two  along  great  faults,  and  one  side  is  pushed 
up  where  man  can  see  it.  Second,  erosion  cuts  away  parts 
of  the  rocks  so  that  we  can  see  their  arrangement.  In 
many  places  rivers  have  made  almost  vertical  cuts  into 
the  earth.  For  instance,  the  Grand  Canyon  of  the  Colo- 
rado River  has  revealed  the  geological  history  of  its  re- 
gion as  nothing  else  could  do.  In  other  places  the  upper 
parts  of  the  rocks  have  all  been  taken  away,  exposing  dif- 
ferent layers  of  rock  in  different  places  so  that  much  can 
be  learned  from  them.  We  should  remember,  however,  that  the 
parts  of  the  earth  which  have  been  removed  have  been  changed ; 
thus  we  are  not  able  to  learn  the  nature  of  the  removed 
parts.  For  that  reason  our  knowledge  can  never  be  complete. 

Some  of  the  features  of  the  earth  which  reveal  its  his- 
tory, especially  in  recent  times,  have  been  mentioned  in 
connection  with  the  preceding  problems.  Earlier  changes  are 
recorded  almost  entirely  in  the  rocks.  For  example,  some  of 
the  rocks  are  made  of  crystals  and  do  not  contain  strata  or 
layers.  These  are  known  to  have  been  formed  from  melted  ma- 
terial. Masses  of  crystalline  rock  are  found  in  between  layers 
of  stratified  rock  which  show  the  effect  of  great  heat.  We  are 
therefore  quite  sure  that  the  crystalline  rock  must  have  been 
forced  in  between  the  sedimentary  strata  while  still  melted  and 
that  it  was  formed  after  the  stratified  rock.  (See  Figure  64.) 

Familiarity  with  the  ordinary  processes  of  deposition  tells 
us  that  the  oldest  layers  of  rock  are  at  the  bottom  and  the 
youngest  are  at  the  top.  However,  it  is  not  always  easy  to 
tell  whether  a layer  of  rock  is  the  same  as  another  a hun- 
dred or  a thousand  miles  away  which  may  actually  be  much 
higher  or  lower  than  the  first. 

The  most  reliable  identifying  marks  of  the  different  strata 
of  rock  are  the  fossils.  Fossils  are  the  remains  of  living  things. 
Occasionally  the  actual  bodies  of  plants  or  animals  are  found 
in  frozen  snow  or  ice.  More  often,  the  bodies  have  been 
petrified,  that  is,  changed  to  stone. 
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By  years  of  study  since  1799,  when  a British  geologist, 
William  Smith,  first  wrote  their  story,  geologists  have  learned 
just  what  fossils  are  to  be  found  in  the  rocks  formed  at  each 
period  in  the  earth’s  history.  Some  kinds  are  found  in  a 
number  of  layers,  for  they  have  lived  through  several  geo- 
logical periods,  but  almost 
every  period  had  some  kinds 
of  animals  which  apparently 
lived  only  in  that  period.  As 
soon  as  the  peculiar  kinds  of 
fossils  of  each  period  were  de- 
termined, a geologist  could  tell 
to  what  period  a rock  belonged 
by  examining  the  fossils  it 
contained.  Fossils  are  also  a 
great  aid  in  determining  the 
climate  and  the  nature  of  the 
water  in  which  rocks  were 
formed.  Thus,  corals  grow 
only  in  warm,  comparatively 
shallow  seas.  A rock  which 
contains  fossilized  coral  must, 
therefore,  have  been  formed  in  just  such  a situation. 

The  present  relations  of  the  layers  to  the  surface  and  to 
one  another  are  also  very  important  in  reading  geological 
history.  In  many  places,  such  as  the  Grand  Canyon  of  the 
Colorado,  the  series  of  layers  near  the  surface  is  nearly 
level,  but  rests  on  the  edges  of  other  layers  which  have 
been  left  in  a sloping  position.  Such  a formation  is  known 
as  an  unconformity  (Figure  64).  It  indicates  that  a vast 
interval  of  time  and  many  changes  occurred  between  the 
formation  of  the  two  series  of  layers.  The  lower  one  must 
have  been  formed  in  the  sea,  lifted  up,  bent  and  tipped  until 
it  was  standing  on  edge,  worn  down  by  millions  of  years  of 
erosion,  and  again  buried  in  the  sea  for  more  rocks  to  be 
formed  on  top  of  it. 


Fig.  63.  A fossil  starfish  found  in 
rock  far  from  any  bodies  of  salt 
water.  (Walker  Museum,  Univer- 
sity of  Chicago.) 
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Present  SuRFAcg  of  land 
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Sedimentary  Rock 

Newer  Igneous  Rock  V\ 

Very  Old 
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\- 
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Fig.  64.  The  story  of  a part  of  the  earth’s  crust  as  shown  by  the  walls  of 
the  canyon  of  the  Colorado  river. 


Fig.  65.  If  you  follow  the  numbers  indicating  the  strata,  you  can  see 
how  the  folding  of  the  rock  may  pile  older  rock  on  top  of  newer  rock. 


Geologists  sometimes  find  layers  of  old  rock  on  top  of 
younger  rocks.  Careful  study  of  every  feature  of  the  region 
gives  further  evidence  that  the  layers  were  actually  folded 
over  one  another.  The  upper  part  (indicated  by  the  dotted 
lines  in  Figure  65)  was  then  eroded  away  to  reveal  a strange 
combination  of  layers. 
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How  is  geological  time  estimated?  Of  course,  it  is  im- 
possible to  tell  how  old  the  earth  really  is,  but  it  is  interest- 
ing and  quite  important  to  geologists  to  have  some  notion 
of  the  amount  of  time  which  has  been  required  for  the  earth 
to  reach  its  present  form.  There  are  a number  of  ways  of 
making  estimates.  Three  of  these  we  can  understand,  at 
least  in  a general  way.  Others  require  an  advanced  knowl- 
edge of  astronomy  and  mathematics. 

One  way  of  calculating  the  passage  of  time  in  past  ages 
is  based  on  the  rate  of  erosion  and  deposition.  In  working 
by  this  method  the  total  thickness  of  the  sedimentary  rocks 
is  found  as  nearly  as  possible  and  divided  by  the  rate  at 
which  they  are  formed.  It  is  comparatively  easy  for  the 
geologists  to  determine  that  all  the  different  systems  of 
stratified  rocks  put  together  have  a thickness  of  somewhere 
near  seventy  miles,  although  of  course  they  are  not  that 
thick  in  one  place.  When  it  comes  to  the  rate  at  which  they 
have  been  formed,  there  is  more  difficulty.  Some  men  have 
estimated  that,  on  the  average,  one  foot  of  sedimentary  rock 
has  been  formed  each  880  years.  At  that  rate,  approximately 
300  million  years  have  passed  since  the  first  sedimentary 
rocks  began  to  form. 

For  finding  the  length  of  time  which  has  passed  since 
comparatively  recent  events  in  the  earth’s  history,  such  as 
the  glaciation  of  North  America,  erosion  is  probably  the 
best  clock.  Since  the  great  glacier  retreated,  Niagara  Falls 
has  cut  a gorge  six  to  seven  miles  long  and  is  now  cutting 
back  at  the  rate  of  about  four  or  five  feet  a year.  Taking 
all  the  known  factors  into  consideration,  geologists  think 
the  falls  must  be  at  least  10,000  years  old.  Again,  there  are 
many  difficulties  in  the  way  of  making  an  accurate  estimate, 
and  different  men  have  arrived  at  different  answers,  ranging 
all  the  way  from  5000  to  30,000  years. 

Another  method  which  has  been  used  is  based  on  the 
amount  of  salt  in  the  ocean.  By  estimating  the  total  amount 
contained  in  all  the  ocean  water  and  dividing  that  by  the 
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amount  which  streams  contribute  each  year,  we  can  get  an  es- 
timate of  the  age  of  the  oceans.  Allowance  must,  of  course, 
be  made  for  various  influences  known  to  scientists.  The 
best  estimate  of  the  age  of  the  oceans  by  this  method  is 
about  100  million  years. 

The  third  and  latest  method  is  based  on  chemical  changes 
which  go  on  in  the  igneous  rocks.  Radium  and  related 
substances  are  changing  into  other  substances  and  finally 
into  helium  and  lead.  The  rate  of  change  is  known  and,  so 
far  as  the  chemists  can  tell,  is  not  influenced  by  any  outside 
conditions.  By  finding  the  amount  of  the  substances  which 
act  in  this  way  and  the  amount  of  helium  and  lead  in  the 
oldest  known  rocks,  it  is  possible  to  figure  out  how  long  the 
change  has  been  going  on.  This  problem  in  chemical  and 
geological  arithmetic  indicates  that  about  1,500,000,000  years 
have  gone  by  since  the  oldest  igneous  rocks  were  formed. 
There  are  a number  of  uncertainties  in  this  method,  but  the 
different  rocks  that  have  been  analyzed  give  the  right  rel- 
ative ages.  That  is,  the  rocks  that  other  methods  have 
shown  to  be  the  oldest  are  also  given  the  oldest  age  by  this 
method.  Thus  it  seems  to  be  more  than  a guess. 

Self-testing  exercise  9.  Make  a list  of  the  facts  given  in  Prob- 
lems 2,  3,  and  4 which  show  how  scientists  have  learned  about 
events  in  the  history  of  the  earth.  Thus: 

(1)  Experiment  8 shows  how  materials  have  been  broken  by 
expansion  and  contraction  {page  6Jf). 

(2)  Rock  fragments  found  at  the  bottom  of  cliffs  show  how  the  cliffs 
have  been  broken  up  by  weathering  {page  55). 

Self-testing  exercise  10.  Make  a list  of  the  methods  by  which 
scientists  are  able  to  reconstruct  the  history  of  the  earth.  One  of 
the  first  methods  on  your  list  would  probably  be  Observation. 

Self-testing  exercise  11.  Point  out  chances  for  mistakes  in 
each  method  given  in  Problem  5 for  calculating  geological  time. 

Summary  exercise  on  Unit  n.  Make  a list  of  all  the  important 
principles  or  big  ideas  of  science  which  you  have  come  to  under- 
stand from  your  study  of  this  unit.  State  them  in  sentence  form, 
just  as  you  did  for  Unit  I. 
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Additional  Exercises 

1.  Make  a list  of  questions  that  still  puzzle  you  about  the 
origin  and  history  of  the  earth.  Then  consult  some  of  the  references 
and  topics  for  investigation  at  the  back  of  the  book  to  find 
answers  to  your  questions. 

2.  Why  is  it  necessary  for  scientists  to  use  an  hypothesis  to 
explain  the  formation  of  the  earth  instead  of  finding  out  exactly 
how  it  happened? 

3.  Devise  and  carry  out  an  experiment  to  show  how  heavy 
materials  tend  to  sink  downward,  lifting  up  the  lighter  materials. 

4.  Write  out  an  hypothesis  of  your  own  to  explain  the  origin 
of  comets. 

5.  Carry  out  an  experiment  to  show  that  collisions  of  pieces  of 
iron  with  a hammer  produce  heat. 

6.  How  can  one  tell  the  difference  between  residual  and  trans- 
ported soil? 

7.  How  can  waves  make  caves  in  ocean  cliffs? 

8.  Do  you  think  that  rocks  are  being  formed  today?  Why? 

9.  How  have  earthquakes  given  scientists  information  about 
the  interior  of  the  earth? 

10.  How  is  it  that  sand  found  at  one  place  on  a beach  today 
may  after  several  days  be  found  on  the  beach  a mile  away? 

11.  How  may  volcanic  action  be  responsible  for  hot  springs 
and  geysers? 

12.  How  could  you  tell  whether  a mountain  is  old  or  young? 

13.  The  bottoms  of  some  of  the  Great  Lakes  are  below  the 
level  of  the  sea.  How  can  you  account  for  such  a situation? 

14.  Where  does  a stream  move  faster,  in  the  middle  or  near  the 
banks?  What  effect  does  this  have  upon  the  deposition  of  materials? 

15.  Rivers  pour  huge  volumes  of  water  into  the  oceans.  Why 
does  not  the  level  of  the  ocean  rise  and  cover  the  land? 

16.  Find  out  how  stalactites  and  stalagmites  are  formed  in  caves 
and  report  the  results  of  your  study  to  the  class. 

17.  Explorers  who  have  travelled  into  the  far  North  report  that 
the  glaciers  there  are  increasing  in  size  and  are  found  farther  south 
than  they  used  to  be.  This  condition  may  forecast  the  beginning 
of  another  period  of  glaciation  for  our  country.  Is  this  anything  for 
the  people  of  today  to  worry  about?  Explain  your  answer. 
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WHAT  CONDITIONS  DETERMINE  OUR  WEATHER 
AND  CLIMATE? 

Preliminary  Exercises 

1.  Make  a list  of  words  which  you  can  use  to  describe  weather. 
In  a parallel  column  make  a list  of  words  which  describe  climate. 

2.  In  what  ways  has  weather  affected  your  life?  Climate? 

3.  Keep  a daily  record  of  the  weather.  Use  the  form  below. 
(See  Preliminary  Exercise  13,  page  45.) 


Date 

Temperature 

Feeling  of  Air 

Sky 

Direction 

OF  Wind 

10-4-32 

70 

Damp 

Cloudy 

s.  w. 

If  you  have  a barometer  in  the  room,  add  another  column  to 
the  table  and  enter  the  barometer  reading.  From  the  daily  rec- 
ord of  the  weather  which  you  have  kept  state  your  conclusions 
regarding  the  relations  between  any  of  the  factors  listed  in  the  table. 

4.  Make  as  large  a list  as  you  can  of  the  different  means  by 
which  people  predict  weather.  When  you  have  studied  this  unit, 
check  those  which  seem  to  be  correct,  stating  your  reasons. 

5.  Get  the  daily  forecasts  from  the  newspapers,  paste  them 
neatly  in  your  notebook,  and  make  a memorandum  beside  each, 
indicating  any  errors  which  the  “weather  man”  makes.  Do  this 
for  several  weeks.  Each  day  give  the  ‘‘weather  man”  a grade.  At 
the  end  of  the  time  find  the  average.  What  percentage  of  the  fore- 
casts is  correct? 

6.  Have  you  learned  of  any  relation  between  the  movements 
of  the  earth  and  weather  or  climate?  What?  Explain. 

7.  In  what  respects  would  your  life  today  be  different  if  you 
lived  in  a very  cold  climate?  In  a hot  climate? 

8.  The  earth  has  changes  in  weather  and  climate,  while  no  such 
changes  occur  on  the  moon.  Explain. 

9.  State  two  reasons  why  the  temperature  of  the  surface  of 
the  earth  varies  in  your  region  from  day  to  day. 
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The  Story  of  Unit  III 

When  we  speak  of  the  weather,  we  mean  the  conditions  of 
the  atmosphere  of  the  earth  from  day  to  day,  such  as  the  tem- 
perature, the  clearness  or  cloudiness  of  the  sky,  the  direction 
and  speed  of  the  wind,  rain,  snow,  etc.  The  term  climate,  on 
the  other  hand,  refers  not  only  to  the  average  over  a period  of 


Fig.  66.  Life  in  a cold  climate,  far  from  the  equator,  where  the  rays  of  the 
sun  are  always  slanting,  is  very  primitive.  The  Eskimos  in  this  figure  are 
packing  snow  into  the  cracks  between  the  blocks  of  ice  used  to  make  their 
shelter,  or  igloo.  (Pathe  Films.) 

years  of  the  weather  conditions  in  a certain  region,  but  also  to 
the  extremes  of  temperature,  rainfall,  and  wind  conditions. 
Thus  you  may  see  that  while  the  weather  in  any  region  changes 
frequently,  the  climate  of  that  region  remains  much  the  same. 
As  you  learned  in  Unit  II,  however,  there  is  good  evidence  to 
show  that  the  climates  in  different  parts  of  the  world  were  very 
different  in  past  geological  ages.  Knowledge  of  weather  and 
climate  and  the  conditions  which  influence  them  is  a part  of  the 
science  of  meteorology,  the  study  of  the  atmosphere. 
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No  conditions  of  nature  affect  you  more  than  the  weather 
and  climate  of  the  region  where  you  live.  Even  from  the 
earliest  days  of  man’s  existence  on  earth  these  great  in- 
fluences have  determined  his  dwelling-place  as  well  as  his 


activities  and  mode 


of  living.  The  kinds 
of  plants  and  ani- 
mals that  exist,  the 
kind  of  food  you 
eat,  the  clothes  you 
wear,  the  type  of 
house  in  which  you 
live,  the  work  you 
do,  the  way  you 
travel,  your  health, 
the  games  you  play, 
in  fact,  practically 
everything  you  do 
and  have  depends 
upon  the  weather 
and  upon  the  cli- 
mate of  your  region . 

Of  these  two  fac- 
tors climate  is  the 
more  important  to 
you.  To  appreciate 
this  you  need  only 
to  think  how  dif- 
ferent your  life 
would  be  if  you 
moved  to  a differ- 
ent climate.  Far  in 

the  North  you  would  live  like  the  Eskimos  (Figure  66).  You 
would  dwell  in  houses  of  ice  or  in  underground  huts,  wear 
clothes  made  of  the  skins  of  animals,  and  live  largely  on 
fish  and  meat.  Again,  if  you  moved  to  a very  warm  climate. 


Fig.  67.  How  different  is  life  in  a warm  climate, 
where  the  rays  of  the  sun  are  more  direct,  from 
that  shown  in  Figure  66.  Here  clothing  is  very 
meagre,  many  kinds  of  tropical  plants  grow,  and 
the  shelters  are  built  of  plant  limbs,  stems,  and 
leaves.  (Underwood  and  Underwood.) 
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you  could  live  out-of-doors  the  year  round,  plants  would 
grow  abundantly  all  around  you,  and  your  food  supply  would 
be  entirely  unlike  that  of  the  Eskimos.  And  here,  in  the 
temperate  regions,  you  find  life  far  different  from  that  in  the 
cold  and  hot  climates. 

Weather  and  climate  not  only  influence  the  material  things 
that  man  has  and  uses,  but  also  his  ambition  and  his  ability 
to  accomplish  things.  In  the  far  North  the  monotonous  cold 
and  the  scarcity  of  the  materials  necessary  to  maintain  life 
make  living  so  difficult  that  the  races  there  have  not  made 
much  progress.  At  the  other  extreme  are  the  tropics,  where 
plant  and  animal  life  is  abundant,  but  where  the  continual 
heat  discourages  even  the  most  ambitious  and  industrious  of 
men.  In  the  temperate  climate,  however,  plants  and  animals 
can  thrive  well  enough  to  provide  the  necessities  of  life  for 
man,  yet  labor  is  necessary  to  care  for  them  and  to  store 
away  provisions  for  unfavorable  periods.  Change  of  weather 
and  of  seasons  seems  to  stimulate  ambition  and  accomplish- 
ment. It  is  in  the  temperate  regions  that  the  great  civiliza- 
tions of  the  world  have  developed. 

Meteorologists,  as  well  as  other  people,  divide  weather 
conditions  into  three  important  divisions  for  study  and  ob- 
servation. The  first  of  these  divisions  includes  the  tem- 
perature of  the  atmosphere  and  the  things  which  influence 
it.  To  be  intelligent  about  the  temperature  phcise  of  weather 
and  climate,  we  shall  need  to  learn  something  about  why  the 
air  is  warm  at  all,  why  the  weather  can  be  cooler  today  than 
it  was  yesterday,  and  why  it  can  be  cool  here  today  while 
another  part  of  the  country  is  sweltering  in  a “heat  wave.” 

The  second  division  of  weather  has  to  do  with  the  mois- 
ture of  the  atmosphere  and  all  the  interesting  and  often 
beautiful  forms  which  it  takes.  How  can  water  be  visible 
at  one  time  and  then  seem  to  disappear?  What  are  clouds? 
Why  are  they  sometimes  white  or  beautifully  tinted,  and 
at  other  times  dark  and  gloomy?  How  are  snowflakes  formed? 
Why  does  hail  fall  in  hot  weather  and  not  in  very  cold  weather? 
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These  are  some  of  the  questions  we  shall  seek  to  answer  in 
connection  with  the  moisture  phase  of  weather. 

The  third  group  of  weather  conditions  includes  all  those 
related  to  the  movement  of  the  air.  Why  does  the  wind 
blow?  Where  does  the  wind  come  from,  and  where  does  it 
go?  Why  does  it  blow  some- 
times from  one  direction 
and  sometimes  from  anoth- 
er; sometimes  softly  and 
sometimes  with  great  force? 

We  are  all  interested  in 
the  work  of  the  ‘ 'weather 
man,”  too,  for  he  is  usually 
able  to  tell  us  what  the 
weather  is  going  to  be  dur- 
ing the  next  twenty-four 
hours.  How  can  he  tell 
when  a cold  wave  is  coming 
in  order  to  warn  the  fruit 
growers  and  shippers  ? How 
can  he  make  forecasts  such 
as:  “Showers  this  afternoon 
and  tonight,  followed  by 
cooler  weather;  wind  shift- 
ing to  northwest  by  way 
of  the  west, ’’and  have  them 
eighty-five  to  ninety  per 
cent  accurate?  What  in- 
struments does  he  use  to 
help  him  make  forecasts? 

Although  there  is  a great  deal  that  scientists  do  not  yet 
know  about  weather  and  climate,  and  a great  deal  of  that 
which  is  known  that  we  shall  not  have  time  to  study  about  in 
this  unit,  we  shall  be  able  to  think  about  the  most  important 
of  these  problems.  By  outside  reading  you  may  also  learn  many 
interesting  things  not  told  in  this  book. 


Fig.  68.  The  velocity  of  the  wind  is 
measured  by  an  anemometer.  This  par- 
ticular type  consists  of  four  revolving 
cups  attached  to  bars  mounted  on 
a vertical  axis.  The  lower  end  of  the 
axis  is  attached  to  a system  of  clockwork 
which  registers  the  number  of  revolu- 
tions per  minute.  (Underwood  and 
Underwood.) 
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Problem  1:  What  Conditions  Determine  the  Tem- 
perature OF  THE  Air? 

Study  Suggestion.  During  your  study  of  this  unit  remember 
that  what  you  are  studying  is  not  the  book,  but  the  weather.  The 
weather  is  all  about  you  and  is  probably  more  easily  observed  than 
any  other  phase  of  science  we  shall  study.  If  you  wish  really  to  learn, 
you  will  be  alert  to  see  for  yourself  the  things  you  read  about  and 
to  discover  by  original  observations  and  experiments  facts  which 
are  not  in  the  book. 

Probably  the  most  common  of  all  words  used  to  describe 
weather  and  climate  are  those  which  refer  to  the  tempera- 
ture of  the  air,  such  as  hot,  warm,  moderate,  cool,  and  cold. 
Not  only  is  temperature  the  most  commonly  noticed  fac- 
tor in  weather  and  climatej  but  it  is  also  the  factor  which  is 
largely  responsible  for  the  changes  which  produce  rainfall 
and  wind.  It  seems  best,  therefore,  that  we  should  first 
study  temperature  and  the  conditions  which  afifect  it  and 
find  out  later  how  temperature  changes  are  responsible  for 
rainfall  and  wind. 

How  is  the  temperature  of  the  air  measured?  One  of  the 

most  important  ways  of  discovering  scientific  facts  and 
principles  is  by  comparison.  To  find  out  which  of  two  cities 
is  colder  or  warmer,  to  find  out  what  makes  one  city  colder 
than  another,  to  find  out  whether  the  climate  is  changing 
from  year  to  year,  to  find  out  what  kind  of  weather  we  are 
apt  to  have  tomorrow,  it  is  necessary  to  compare  the  tem- 
perature of  the  air  at  different  times  and  places.  The  words 
used  above  to  describe  temperature  are  not  very  exact  when 
we  wish  to  compare  temperatures,  for  one  person  will  say 
that  the  weather  is  “quite  cool”  at  the  same  time  that  another 
will  say  it  is  “comfortably  warm.”  That  some  method  of 
determining  the  exact  temperature  is  necessary  is  shown  by 
the  following  experiment. 

Experiment  11.  Are  the  words  “cool,”  “cold,”  “warm,”  or  “hot,” 
used  to  describe  temperature,  exact?  (a)  Fill  three  beakers  or  pans 
with  cold  water.  Heat  the  water  in  one  pan  (B)  for  three  minutes. 
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Accurate  com- 
parison, therefore, 
requires  that  we 
have  exact  ways 
of  measuring  tem- 
perature instead  of 
depending  on  our 
feelings  expressed 
in  terms  that  are 
merely  general. 

Of  course,  you 
know  that  temper- 
ature is  measured 
by  means  of  instru- 
ments called  ther- 
mometers (from 


Fig.  69.  A recording  thermometer  forms  a 
valuable  part  of  a Weather  Bureau’s  equipment. 
Inside  the  cylinder  is  a clock  which  makes  the 
cylinder  and  the  record  sheet  revolve  once  in  a 
week.  The  metal  coil  is  the  thermometer.  It 
opens  slightly  when  warmed,  causing  the  pen  to 
move  upward,  and  closes  when  cooled,  causing 
the  pen  to  move  downward.  Thus  an  irregular 
line  is  drawn  on  the  sheet,  giving  a record  of 
the  temperature  for  an  entire  week.  (Taylor 
Instrument  Co.) 


thermos,  meaning 

heat,  and  metre,  meaning  measure).  Every  meteorological 
station  is  equipped  with  a number  of  different  kinds  of  ther- 
mometers for  measuring  and  recording  the  temperature.  With 
the  aid  of  these  thermometers  records  of  the  temperature 
at  all  times  and  in  all  parts  of  the  country  are  accurately 
kept.  Such  records  aid  in  weather  forecasting  and  in  the 
study  of  the  weather  of  our  country. 


Heat  the  water  in  another  pan  (C)  for  five  minutes.  Leave  the 
other  pan  (A)  unheated. 

(h)  Dip  your  finger  into  pan  A,  containing  the  water  which 
has  not  been  heated,  and  then  into  pan  B.  The  water  in  pan  B 
naturally  feels  warm  as  compared  to  the  water  in  pan  A. 

(c)  Dip  your  fin- 
ger into  pan  C and 
then  into  pan  B.  The 
water  in  pan  B now 
feels  cold,  whereas  in 
the  first  part  of  the 
experiment  it  felt 
warm. 
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In  trying  to  find  an  accurate  way  to  measure  changes  of 
temperature,  Galileo,  an  Italian  scientist,  made  the  first 
thermometer  in  1592.  His  device  looked  something  like  the 
apparatus  shown  in  Figure  70.  Let  us  make  a device  similar 
to  the  one  he  constructed  to  determine  how 
it  measures  temperature. 

Experiment  12.  How  does  an  air  thermometer 
operate?  (a)  Fit  a test  tube  with  a cork.  Obtain 
a piece  of  glass  tubing  of  as  small  a diameter  as  is 
available.  Bore  a hole  in  the  cork  and  fit  the  tub- 
ing in  the  cork.  (If  a cork  borer  is  not  available, 
a nail  or  a piece  of  wire  may  be  heated  in  a flame 
and  the  hole  burned  through  the  cork.) 

(6)  Place  the  lower  end  of  the  glass  tube  in  a 
bowl  of  colored  water  (Figure  70).  Heat  the  test 
tube  gently  with  a flame.  Note  the  bubbles  of  air 
which  appear  in  the  water.  These  bubbles  appear 
because  the  air  in  the  test  tube  expands  when  it  is 
heated. 

(c)  Allow  the  test  tube  to  cool.  Observe  that  the 
liquid  rises  in  the  tube.  Can  you  tell  why? 

(d)  Now  place  both  hands  around  the  test  tube. 
What  effect  does  this  have  upon  the  height  of  the 
water  in  the  tube?  Light  a match  and  heat  the 
test  tube.  What  effect  does  the  heat  have? 

(e)  Answer  the  question  raised  in  the  title  of  the 
experiment. 

Since  Galileo’s  time  different  kinds  of  ther- 
mometers have  been  made.  The  ones  which 
we  use  today  for  taking  the  temperature  of 
the  air  are  mercury  and  alcohol  thermometers. 
Usually  some  coloring  matter  is  added  to  the  alcohol  so  that 
it  can  be  seen  more  plainly. 


Fig.  70.  The 
first  thermom- 
eter did  not 
measure  tem- 
perature in  de- 
grees, but  it 
did  make  it 
possible  to 
know  if  one 
object  was  hot- 
ter than  an- 
other or  when 
objects  were  of 
equal  temper- 
ature. 


Experiment  13.  How  is  a thermometer  constructed?  (a)  Examine 
a thermometer  carefully.  Is  the  wall  of  the  upper  part  of  the  ther- 
mometer thick  or  thin?  (Pieces  of  a broken  thermometer  will  help 
with  your  observation.)  How  large  is  the  bore,  that  is,  the  opening. 
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Boiling  point 
of  water 

(lOO^  C-=^12“  F) 


of  the  tube?  What  part  of  the  bulb  and  tube  is  filled  with  the 
liquid?  Why  is  the  diameter  of  the  bulb  constructed  so  that  it  is 
much  larger  than  the  bore?  What  is  the  room  temperature?  Is  there 
a mark  on  the  scale  for  each  degree  or  for  each  two  degrees?  Warm 
the  bulb  with  your  hand  and  observe 
whether  the  thread  of  liquid  in  the  C. 

tube  moves.  Place  the  bulb  in  cold 
water.  How  does  this  change  the 
height  of  the  liquid?  ’ 

(b)  Fill  the  test  tube  used  in  the 
preceding  experiment  with  water. 

Insert  the  cork  and  small  tube  tightly 
so  that  water  appears  in  the  small 
tube.  Heat  the  test  tube.  What  hap- 
pens? Do  changes  in  temperature 
have  the  same  effect  upon  water  that 
they  do  upon  air?  How  does  this 
effect  explain  the  operation  of  a 
thermometer? 

(c)  The  space  which  is  not  occu- 
pied with  mercury  in  a thermometer 
is  a vacuum;  that  is,  it  contains  no  air. 

Why  is  this  necessary? 


^Normal  body 
temperature 
(37°  C=98.6° 

.Normal  room 
temperature 
(21.1®  C=  70® 


. Freezing  point 
of  water 
(0°  C = 32®  F) 


.Zero-weather 
(.17,78°  C=0°  F) 


Fig.  71.  A comparison  of  the 
centigrade  and  Fahrenheit  scales. 


A very  necessary  part  of  any 
measurement  is  a scale  or  stand- 
ard with  which  to  compare 
whatever  is  being  measured. 

There  are  two  common  scales  or 

methods  of  marking  thermometers : the  Fahrenheit  sc3\^dind  the 
centigrade.  The  Fahrenheit  scale  is  the  one  in  common  use  in 
our  homes  and  at  the  weather  bureau.  It  was  first  marked  off 
by  the  German  scientist,  Fahrenheit,  in  1714.  In  many  coun- 
tries and  in  science  laboratories  the  centigrade  scale  is  used. 

From  Figure  71  you  see  that  zero  degree  on  the  centi- 
grade (0°C.)  is  the  same  as  thirty-two  degrees  on  the  Fahren- 
heit (32°F.),  and  that  100  degrees  on  the  centigrade  (100°C.) 
is  the  same  as  212  degrees  on  the  Fahrenheit  (212°F.). 
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It  is  sometimes  necessary  to  change  a reading  on  one  scale 
to  its  equivalent  on  the  other  scale.  The  fact  that  there  are 
180  degrees  between  the  freezing  point  and  boiling  point  of 
water  on  the  Fahrenheit  scale  and  only  100  degrees  between 
these  two  points  on  the  centigrade  scale  gives  you  a relation- 
ship which  you  can  use  to  make  this  change.  In  using  this  re- 
lationship, xw  or  1-8,  remember  that  when  you  are  changing 
a Fahrenheit  reading  to  the  corresponding  centigrade  reading, 
that  is,  from  smaller  to  larger  units,  you  will  decrease  the 
number  of  units.  To  do  this  you  will  divide  by  1.8  after  sub- 
tracting 32.  (Why?)  When  you  are  changing  from  centigrade 
to  Fahrenheit,  that  is,  from  larger  to  smaller  units,  you  will  in- 
crease the  number  of  the  units.  To  do  this  you  must  multiply 
by  1.8,  and  then  add  32.  (Why?) 

Self-testing  exercise  1.  (a)  Suppose  you  are  in  a country  where 
the  centigrade  thermometer  is  used,  and  the  thermometer  reads 
38°.  Find  what  temperature  a Fahrenheit  thermometer  would  show. 
Prove  your  answer  by  studying  Figure  7 1.  (b)  On  a hot  summer  day  a 
Fahrenheit  thermometer  read  95°.  Can  you  find  the  corresponding 
reading  on  the  centigrade  scale? 

Self-testing  exercise  2.  Why  is  the  use  of  a thermometer  a 
more  accurate  way  to  measure  temperature  than  to  depend  on 
one’s  feeling  of  warmth  and  coldness?  Give  several  reasons. 

Suggested  Activity.  Test  the  accuracy  of  a number  of  ther- 
mometers by  hanging  them  up  together  or  by  putting  them  in 
the  same  cup  of  water.  If  they  vary,  can  you  suggest  why? 

How  does  the  sun  warm  the  air?  You  will  recall  from 
observation  and  from  your  study  of  Unit  I that  the  sun  is 
the  source  of  the  heat  which  causes  changes  in  the  tempera- 
ture of  the  earth’s  surface.  The  space,  however,  between  the 
sun  and  the  atmosphere  contains  no  matter,  and  heat  cannot 
pass  through  empty  space.  A common  illustration  of  this  fact 
is  found  in  the  space  between  the  two  walls  of  a vacuum  bottle 
from  which  practically  all  the  air  has  been  removed,  so  that 
very  little  heat  can  get  into  or  out  of  the  bottle.  How  then  can 
the  sun  warm  the  earth’s  surface? 
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The  sun  warms  the  earth  by  sending  waves  of  radiant 
energy  through  the  space  between  the  sun  and  the  earth. 
A certain  part  of  this  radiant  energy  affects  our  eyes  so  that 
we  can  see,  and  we  call  it  light.  Another  part  is  sometimes 
called  radiant  heat.  This  is  invisible  to  us,  and  it  is  changed 
into  sensible  heat  when  it  strikes  the  air  and  the  surface  of  the 
earth  and  is  absorbed.  An  experiment  will  help  us  to  under- 
stand how  this  can  be. 

Experiment  14.  How  is  radiant  energy  changed  to  heat?  Obtain 
two  test  tubes.  Partly  cover  one  of  the  test  tubes  with  smoke  by 
rotating  it  in  a candle  flame.  Place  the  two  tubes  in  an  upright 
position  and  nearly  fill  each  tube  with  water.  Take  the  tempera- 
ture of  the  water  in  each  tube.  Now  bring  the  tubes  into  the  direct 
sunlight;  leave  them  there  for  fifteen  minutes.  Again  take  the  tem- 
perature of  the  water  and  record  the  readings.  Remove  the  appara- 
tus from  the  sunlight,  allow  it  to  stand  for  fifteen  minutes,  and  take 
the  temperature  of  the  water  in  each  tube.  What  do  the  results 
show? 

Only  a small  part  of  the  radiant  energy  from  the  sun 
changes  to  heat  when  it  passes  through  a colorless  material 
like  air  or  clear  glass.  But  when  it  strikes  a material  which 
holds  it  or  absorbs  it,  as  soil  or  the  black  deposit  on  the  test 
tube  does,  much  of  the  radiant  energy  is  changed  to  heat.  A 
clean  windowpane  is  warmed  but  little  by  the  radiant  energy 
from  the  sun,  but  the  floor  inside  the  room,  where  the  same 
energy  is  absorbed,  is  warmed  considerably.  When  the  floor  or 
the  materials  on  the  earth’s  surface  become  warm,  the  air  is 
warmed  by  coming  in  contact  with  them. 

Why  is  not  the  air  all  warmed  equally?  Let  us  first  try  to 
understand  how  the  temperature  of  the  air  depends  upon 
the  kind  of  material  on  the  earth’s  surface.  We  have  already 
seen  in  Experiment  14  that  all  materials  are  not  made  equally 
warm  by  the  sun.  The  radiant  energy  from  the  sun  may  be 
transmitted  through  transparent  materials  like  glass  or  air; 
it  may  be  reflected,  in  part,  by  water,  light-colored  materials, 
or  shiny  surfaces;  or  it  may  be  almost  entirely  absorbed  and 
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changed  to  heat  by  dull,  dark-colored  materials  (Figure  72). 
Thus  the  temperature  of  the  earth’s  surface  depends  on  its 
ability  to  absorb  the  radiant  energy  of  the  sun’s  rays  and  to 
change  it  into  heat,  which  flows  in  all  directions. 


(SHINY  SURFACEJ 

Much  reflection; 
little  absorption. 
The  rays  do  not 
enter  the  material. 


Some  reflection; 
little  absorption. 
The  rays  pass 
through  as  in  the 
case  of  air. 


Little  reflection; 
much  absorption 
— all  at  surface. 
Rays  do  not  pass 
through. 


Some  reflection; 
great  absorption. 
Rays  enter  to 
considerable 
depth. 


Fig.  72.  The  arrows  pointing  downward  represent  radiant  energy  from  the 
sun.  Much  of  the  energy  is  transmitted  through  the  air  and  strikes  the 
diflerent  materials  on  the  surface  of  the  earth.  The  arrows  pointing  upward 
show  reflected  radiant  energy.  The  length  of  these  arrows  indicates  roughly 
the  amount  of  radiant  energy  that  is  reflected.  Which  substance  becomes 
hottest  at  the  surface? 


If  material  is  partly  transparent,  like  water,  the  radiant 
energy  goes  some  distance  into  the  water  before  it  is  all 
changed  into  heat.  Thus  more  material  must  be  heated  than 
in  cases  where  the  energy  is  nearly  all  absorbed  at  the  surface, 
and  the  surface  will  not  become  as  warm. 

Still  another  reason  why  different  materials  of  the  earth’s 
surface  vary  in  temperature  is  the  fact  that  they  do  not 
change  equally  in  temperature  for  the  same  amount  of  heat 
absorbed.  Every  kind  of  material  has  a different  capacity  for 
heat.  You  may  think  of  two  different  materials  of  the  same 
weight  as  if  they  were  two  boys  of  the  same  size.  Compare  the 
heat  to  the  amount  of  food  eaten  by  the  two  boys,  and  the 
temperature  to  the  satisfaction  which  they  feel  in  eating.  If 
they  eat  the  same  amount  of  food,  one  may  be  but  little  satis- 
fied, while  the  other  may  be  more  nearly  satisfied.  Similarly, 
two  different  materials  of  the  same  weight  may  receive  the 
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same  amount  of  heat.  One,  having  a greater  capacity,  becomes 
only  a little  warmer;  while  the  other,  having  less  capacity, 
requires  only  a small  amount  of  heat  to  make  it  hot.  Water, 
for  instance,  has  a greater  capacity  for  heat  than  any 
other  common  material  such  as  rock  or  soil.  Physicists  tell 
us  that  the  same  amount  of  heat  added  to  a pound  of  water 
and  to  a pound  of  iron  causes  the  temperature  of  the  iron  to 
rise  eleven  times  as  much  as  does  the  temperature  of  the 
water. 

As  you  have  learned,  the  temperature  of  the  air  depends 
largely  upon  the  temperature  of  the  materials  with  which 
it  comes  in  contact.  Therefore  you  can  readily  see  that  the 
air  will  be  at  different  temperatures  in  different  places  be- 
cause the  materials  on  the  earth’s  surface  differ  (1)  in  their 
power  to  absorb  radiant  energy,  (2)  in  the  amount  of  material 
that  must  be  heated,  and  (3)  in  the  amount  of  heat  actually 
required  to  warm  them. 

Two  additional  reasons  why  the  air  is  not  at  the  same  tem- 
perature at  all  times  and  in  all  places  you  will  recall  from 
Unit  I.  The  first  is  the  length  of  time  during  which  the  sun 
shines.  This  varies  with  the  condition  of  the  sky  and  the 
season  of  the  year.  The  second  is  the  angle  of  the  sun’s 
rays,  which  depends  upon  the  latitude  and  which  changes 
from  hour  to  hour  during  the  day,  and  from  season  to  season. 

A sixth  cause  of  difference  in  temperature  is  the  altitude  at 
different  parts  of  the  earth’s  surface.  The  air-covering  of  the 
earth  keeps  the  heat  of  the  earth’s  surface  from  escaping  rap- 
idly. It  acts  like  a blanket  to  hold  the  heat  near  the  surface  of 
the  earth.  This  is  true  because  at  low  altitudes,  such  as  in 
deep  valleys  or  near  sea  level,  the  air  is  packed  more  closely 
together  because  of  the  weight  of  the  air  above  it,  and  the  heat 
cannot  escape  so  rapidly.  At  high  altitudes  the  air  is  thin,  and 
the  heat  can  easily  escape  as  radiant  energy.  The  temperature 
is  about  one  degree  colder,  as  measured  on  our  ordinary  ther- 
mometer, for  every  three  hundred  feet  above  the  surface  of 
the  earth.  If  it  were  not  for  the  air,  the  temperature  of  the 
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earth  would  be  so  hot  during  the  day  and  so  cold  during 
the  night  that  no  living  thing  could  exist. 

The  six  causes  mentioned  not  only  determine  the  tem- 
perature of  the  surface  of  the  earth,  but  they  also  produce 
variations  in  the  temperature  of  the  air.  This  is  true  because 


Fig.  73.  This  map  is  called  “The  Mean  Annual  Temperature  Map’’  by 
meteorologists.  The  small  numbers  on  the  solid  black  lines  show  the 
average  annual  temperature  at  places  through  which  the  lines  pass.  What 
is  the  mean  annual  temperature  where  you  live?  If  your  location  is  not 
exactly  on  one  of  the  lines,  you  can  estimate  the  temperature. 

the  air  is  in  constant  contact  with  the  earth  and  receives 
most  of  its  heat  from  the  earth. 

Also,  you  must  bear  in  mind  that  the  air  is  constantly 
moving  and  that  the  warm  or  cold  air  over  one  place  may 
move  to  another  place,  causing  changes  in  temperature. 
Records  kept  by  meteorologists  show  the  principal  heat  belts 
of  Canada  to  be  those  in  Figure  73. 

Suggested  Activities.  1.  Measure  the  temperature  of  sand 
and  soils  of  different  kinds  and  colors  which  have  been  warmed 
by  the  sunlight  to  find  out  what  differences  there  are.  Be  careful  al- 
ways to  see  that  the  different  materials  have  been  exposed  to  the 
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sun  an  equal  length  of  time  and  that  the  temperature  readings 
are  always  taken  at  the  same  depth. 

2.  Warm  equal  quantities  of  soil  or  sand  and  water  in  pans  for 
equal  times  over  the  same  burner.  Stir  each  material  constantly 
and  take  its  temperature  at  the  end  of  the  time.  Which  has  the 
greater  capacity  for  heat?  Remember  that  the  material  which  has 
the  greater  capacity  for  heat  undergoes  less  change  in  temperature. 

Self-testing  exercise  3.  Write  a paragraph  about  one-half  page  in 
length  in  which  you  answer  Problem  1. 


Problem  2:  What  Conditions  Determine  the  Form 
AND  Amount  of  Rainfall? 

Study  Suggestion.  By  the  terms  “rainfall”  and  “precipita- 
tion” the  meteorologist  means  all  forms  of  water,  such  as  rain, 
snow,  and  hail,  which  fall  to  the  earth.  How  water  gets  into  the 
air  and  how  and  why  it  returns  to  the  earth  are  the  problems  which 
you  are  to  solve.  Remember  that  rainfall  is  the  effect  of  a certain 
set  of  causes.  Rain,  snow,  or  hail  is  formed  because  a certain  set  of 
conditions  is  present. 

What  is  the  source  of  the  water  in  the  air?  It  is  hard  to 
believe  that  the  air  in  the  room  in  which  you  now  are  con- 
tains water.  If  you  put  a little  water  in  a pan  and  leave  it  for 
twenty-four  hours,  you  will  find  that  some  or  all  of  it  has  dis- 
appeared. It  has  changed  from  a liquid  to  water  vapor.  This 
change  of  water  from  a liquid  to  a vapor  is  called  evaporation. 
Water  vapor  is  invisible;  so  of  course  you  cannot  see  it  in  the 
air.  As  you  will  see  later,  however,  the  water  vapor  that  is  in 
the  air  of  your  room  can  be  made  to  change  back  to  liquid 
water. 

Water  is  always  evaporating  from  the  surfaces  of  bodies 
of  water  and  from  the  earth  and  going  into  the  air  as  water 
vapor.  You  have  often  noticed  how  quickly  the  streets  or 
roads  dry  after  a rain.  Soils  dry  out  and  become  parched 
in  the  hot  sun.  Grass  and  other  vegetation  dry  up  in  the 
summer  time  as  they  lose  water.  Snow  and  ice  are  even  able 
to  evaporate  in  the  winter  time  when  it  is  too  cold  for  them 
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to  melt.  Thus,  water  and  ice  change  to  water  vapor  and  mix 
with  the  air  everywhere  on  the  earth. 

What  causes  the  water  vapor  to  change  back  to  liquid 
water?  Air  at  a given  temperature  can  hold  only  a certain 
amount  of  water  vapor.  The  warmer  the  air,  the  greater  is  the 
amount  of  water  vapor  which  it  can  hold.  If  warm  air  con- 
taining water  vapor  is  cooled,  it  finally  reaches  a temperature 
at  which  it  is  saturated;  that  is,  it  is  as  full  of  water  vapor  as  it 
can  be.  If  it  is  cooled  below  the  saturation  point,  some  of  the 
water  vapor  must  come  out  of  the  air.  Let  us  see  if  we  can 
make  this  happen. 

Experiment  15.  How  can  water  vapor  be  made  to  come  out  of 
the  air,  or  condense?  Pour  a little  water  into  a tin  cup  or  a bright 
metal  vessel.  Drop  a few  small  pieces  of  ice  into  the  water  and 
stir  the  mixture.  Watch  the  outside  wall  of  the  vessel.  What  do 
you  see?  (In  case  there  is  very  little  water  vapor  in  the  air,  ice 
alone  may  not  produce  results.  If  it  does  not,  add  salt  to  the  mix- 
ture of  ice  and  water.  Salt  will  make  the  ice  melt  faster.  The  process 
of  melting  ice  takes  up  heat  from  the  surrounding  materials.  The 
faster  the  melting,  the  greater  is  the  amount  of  heat  needed  and 
the  colder  will  the  mixture  become.) 

The  process  by  which  water  vapor  was  condensed  in  the  ex- 
periment is  the  process  by  which  condensation  takes  place  in 
the  world  about  us.  That  is,  whenever  you  find  “steam”  form- 
ing in  the  air,  “sweat”  on  a windowpane  or  a water  pipe,  dew 
on  the  grass,  or  rain  in  the  air,  you  may  be  sure  that  the  water 
vapor  in  the  air  has  been  cooled  below  its  saturation  point. 

Perhaps  you  have  heard  persons  say  that  the  humidity  is 
high  or  low.  The  term  “humidity”  refers  to  the  amount  of 
water  vapor  in  the  air.  The  humidity,  or  dampness  of  the 
air,  varies  from  day  to  day.  At  times  the  air  contains  all  of 
the  water  vapor  it  can  hold;  that  is,  it  is  saturated.  Under 
such  a condition  the  scientist  says  that  the  relative  humidity 
is  one  hundred  per  cent.  At  other  times  the  air  contains  only 
half  as  much  water  vapor  as  it  can  hold ; the  relative  humidity 
is  then  fifty  per  cent.  It  is  evident  that  when  the  relative 
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humidity  is  high,  only  a small  amount  of  cooling  is  necessary 
to  cause  condensation  to  take  place.  If  the  relative  humidity 
is  very  low,  the  air  must  be  cooled  many  degrees  before  it 
reaches  its  saturation  point. 

What  conditions  produce  the  different  forms  of  precipi- 
tation? The  air,  as  you  know,  moves  from  place  to  place. 
Air  that  is  warmed  near  the  surface  of  the  earth  is  forced 


Fig.  74.  Cumulus  clouds  are  the  dome-shaped  clouds  that  are  commonly 
seen  in  summer.  Such  clouds  often  precede  a local  storm,  especially  a 
thunderstorm.  They  usually  have  a flat  base  and  are  only  about  a mile 
above  the  earth.  (F.  Ellerman  photo.) 

upward  by  the  cooler  air  around  it.  Why  this  is  true  you  will 
learn  in  the  next  problem.  As  the  air  rises,  it  is  cooled;  and 
the  water  vapor  condenses  into  billions  of  tiny  drops  of 
liquid  water  which  float  in  the  air,  forming  clouds,  mist,  or  fog. 
You,  yourself,  produce  a miniature  cloud  when  you  blow  your 
breath  into  the  air  on  a cold  day.  Actually,  that  which  we 
call  “steam”  coming  from  the  spout  of  a boiling  teakettle  is  a 
small  cloud. 

Clouds  are  formed  when  the  water  vapor  in  the  air  is  cooled 
below  its  saturation  point.  This  may  occur  when  warm  air  is 
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Fig.  75.  Nimbus  clouds  are  the  rain  clouds.  They  are  usually  less  than 
a mile  above  the  earth.  Note  their  “stormy”  appearance. 


Fig.  76.  Layer-like  clouds,  called  stratus  clouds,  are  often  so  low  in  the  sky 
that  they  hide  the  tops  of  small  mountains  or  large  hills.  They  sometimes 
remain  in  the  sky  for  several  days  and  frequently  bring  long,  steady  rains. 
(F.  Ellerman  photos.) 
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forced  upward  into  the  sky  and  thus  cooled,  or  when  warm  air 
moves  to  a cooler  region.  If  little  condensation  takes  place, 
the  clouds  are  thin,  so  that  the  light  from  the  sun  can  pass 
through  them,  making  them  appear  from  the  earth  to  be  white. 
If  there  is  a large  amount  of  condensation,  the  light  cannot 


Fig.  77.  Cirrus  clouds  may  often  be  seen  several  miles  above  the  surface  of 
the  earth.  They  resemble  feathers  or  plumes  and  are  so  thin  that  the  light 
from  the  sun  or  moon  can  pass  through  them.  They  are  made  of  masses  of 
ice  crystals,  which  produce  the  halos,  or  rings,  frequently  seen  around  the 
sun  or  moon.  (F.  Ellerman  photo.) 

shine  through,  and  the  undersides  of  the  clouds  are  dark. 
At  very  high  altitudes,  where  it  is  very  cold,  the  drops  freeze, 
forming  ice  crystals.  Four  of  the  common  kinds  of  clouds  are 
shown  in  Figures  74,  75,  76,  and  77.  The  other  forms  of  clouds 
are  made  up  of  combinations  of  these,  for  example,  cirro-stratus. 

When  humid  air  is  cooled  to  a great  extent,  much  con- 
densation occurs.  The  tiny  droplets  join  together  and  be- 
come very  large,  forming  drops  of  rain.  It  often  happens  that 
a warm  south  wind  which  contains  much  water  vapor  brings 
rain.  If  the  wind  comes  northward  at  a considerable  speed,  it 
is  forced  upward  by  the  cooler  air  which  it  meets,  so  that  it  is 
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Fig.  78.  At  the  left  are  two 
hailstones  that  fell  during  a 
thunderstorm;  at  the  right 
are  two  winter  hailstones. 

(Photo  by  W.  A.  Bentley.) 


cooled  very  rapidly.  Clouds  may  thus  form  quickly  and  cause 
a heavy  rain. 

Raindrops  may  pass  through  layers  of  air  which  are  below 
the  freezing  point.  The  drops  may  then  be  frozen  into  pellets 
and  fall  to  the  ground  as  sleet.  Sometimes,  especially  In  the 
summer  time,  when  there  are  vio- 
lent up-currents  of  air,  the  pellets 
may  be  carried  upward  and  pass 
through  the  cold  air  several  times, 
adding  a layer  of  ice  on  each  trip. 
When  they  become  so  large  that  the 
air  currents  cannot  lift  them  again, 
they  fall  to  the  earth  as  hailstones. 
If  we  break  a hailstone  open,  we 
find  the  story  of  its  formation  writ- 
ten in  its  structure  (Figure  79). 

When  the  temperature  of  a region 
where  condensation  occurs  is  at  the 
freezing  temperature  or  below,  the 
vapor  separates  from  the  air  in  the  form  of  a solid,  called  snow 
(Figure  80).  Of  course,  this  can  happen  only  during  the  colder 
weather,  except  at  very  high  altitudes. 

Dew  saad  frost  are  other  forms  of  water  which 
come  from  the  air.  When  the  weather  is  clear 
and  the  night  is  cool,  the  earth  and  plants 
lose  heat  very  rapidly.  Water  vapor  frorri  the 
air  then  condenses  on  the  cool  surfaces.  Why? 

If  the  temperature  is  above  32°F.,  the  vapor 
condenses  as  drops  of  water  which  we  call 
dew;  but  if  the  temperature  is  below  the  freezing  point,  the 
moisture  is  deposited  as  crystals  of  frost. 

Why  is  the  amount  of  rainfall  different  in  different  places? 
Weather  observers  measure  the  amount  of  rainfall  by  col- 
lecting the  rain,  snow,  and  other  forms  of  precipitation  in 
straight-sided  vessels,  called  rain  gauges,  which  are  set  out  in 
the  open.  The  total  amount  of  precipitation  is  the  number 


Fig.  79. 
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of  inches  of  water  in  a vessel  after  a rainfall  or  after  any 
snow  or  ice  has  melted.  The  amounts  which  fall  from  time 
to  time  are  added  together  to  get  the  total  for  the  month  or 
the  year. 

From  what  has  been  said  you  can  see  that  the  amount  of 
rainfall  must  depend  upon  the  temperature  and  humidity 


Fig.  80.  Snow  forms  in  crystals  of  unusual  and  beautiful  designs.  Note  that 
all  of  these  crystals  have  six  sides,  six  points,  or  six  lines  leading  out  from 
the  centre.  (Photo  by  W.  A.  Bentley.) 


of  the  air.  These  two  conditions  are  very  closely  related. 
A high  temperature  near  the  surface  of  the  earth  causes  the 
water  in  the  soil,  in  the  vegetation,  and  in  bodies  of  water 
to  evaporate  quickly.  At  the  same  time  the  air  in  contact 
with  the  surface  of  the  earth  is  warmed  and  can  take  up  more 
water  vapor.  When  such  air  is  cooled,  a. large  amount  of 
rainfall  will  result. 

Wherever  the  changes  in  temperature  and  humidity  are 
great  and  occur  frequently,  the  rainfall  is  heavy.  The  tor- 
rent-like  rains  of  the  tropical  regions  illustrate  best  the  pre- 
ceding statement.  Here  the  surface  of  the  earth  and  the  air 
become  greatly  heated  every  day.  The  warm,  humid  air  rises 
into  the  cooler  layers  above,  and  heavy  rains  result  almost 
every  afternoon.  These  changes  in  temperature  and  humid- 
ity may  also  be  brought  about  by  the  winds,  or  movements 
of  air  along  the  surface  of  the  earth.  For  example,  a wind 
blowing  over  a warm  valley  or  body  of  water  may  become 
laden  with  moisture.  If  it  then  moves  up  a mountain  slope 
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to  a higher  altitude,  it  becomes  greatly  cooled,  the  result  being 
a heavy  rainfall. 

The  last  statement  suggests  that  the  nature  of  the  surface 
of  the  earth  is  another  important  factor  in  rainfall.  The 
topography  of  the  earth,  that  is,  the  presence  of  valleys,  rivers, 
lakes,  mountains,  plateaus,  oceans,  and  all  other  land  and 


Fig.  81.  The  “Mean  Annual  Rainfall  Map”  shows  the  average,  or  mean, 
number  of  millimetres  of  precipitation  that  fall  in  one  year. 


water  forms,  influences  the  temperature  and  humidity  of  the 
air.  Because  the  surface  of  the  earth  is  composed  of  differ- 
ent materials,  and  because  of  the  differences  in  altitude,  the 
earth  is  unequally  heated  by  the  sun.  As  the  air  moves  over 
these  different  regions,  its  temperature  changes.  Also,  the 
humidity  of  the  air  changes  because  of  the  amount  of  evapo- 
ration which  may  take  place  over  the  different  regions. 
Thus  a warm  wind  blowing  over  a warm  body  of  water  takes 
up  great  amounts  of  water.  This  air  may  rise  to  cooler 
layers  directly  above;  it  may  be  carried  by  the  wind  to 
regions  of  higher  altitude;  it  may  be  moved  to  other  parts 
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of  the  surface  of  the  earth  which  are  cooler.  Such  changes 
produce  great  rainfall. 

Just  as  great  rainfall  depends  upon  the  factors  mentioned, 
so  does  little  rainfall  depend  upon  them.  When  cool  air, 
which  has  lost  much  of  its  water  vapor,  moves  to  warmer 
regions,  it  is  able  to  take  up  more  water  vapor.  In  western 
Canada  we  find  one  excellent  illustration  of  this.  As  the 
warm,  moist  air  from  the  Pacific  moves  over  the  mountains 
in  its  eastward  movement,  it  drops  much  of  its  moisture  in 
the  form  of  rain  and  snow.  As  it  comes  down  the  eastern 
slope  of  the  mountains,  it  is  warmed,  and  its  capacity  for 
holding  water  is  increased.  It  therefore  takes  up  water  from 
the  land,  producing  just  east  of  the  Rocky  Mountains  a vast 
region  where  rainfall  is  light. 

Suggested  Activity.  Devise  and  try  out  a plan  for  measuring 
the  amount  of  rain  that  falls  during  a storm.  Try  also  to  measure 
accurately  the  amount  of  snow  that  falls  during  a winter  storm. 
How  many  inches  of  snow  are  required  to  make  one  inch  of  rainfall? 

Self-testing  exercise  4.  Examine  Figure  81  carefully,  and  answer 
the  following  questions;  (a)  Why  is  the  rainfall  so  great  along  the 
northwest  coast?  (b)  How  do  you  account  for  the  heavy  rainfall 
in  eastern  Tennessee? 

Self-testing  exercise  5.  Copy  the  numbers  of  the  items  listed 
below.  Write  "true”  after  the  numbers  of  the  statements  which 
are  correct  and  "false”  after  those  which  are  incorrect. 

1.  Snow  is  frozen  rain. 

2.  Dew  comes  out  of  the  ground. 

3.  Dew  falls  to  the  ground. 

4.  Dark  clouds  are  made  of  smoke. 

5.  The  amount  of  water  vapor  which  the  air  can  hold  depends 
upon  the  temperature  of  the  air. 

6.  When  water  evaporates,  it  changes  to  water  vapor. 

7.  Water  vapor  is  invisible. 

8.  When  water  vapor  changes  to  liquid  water,  the  vapor  is 
said  to  evaporate. 

9.  Air  which  has  a low  relative  humidity  requires  greater  cooling 
to  produce  condensation  than  air  which  has  a high  relative  humidity. 
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10.  The  relative  humidity  of  the  air  changes  from  time  to  time. 

11.  A given  quantity  of  warm  air  can  hold  more  water  vapor 
than  the  same  quantity  of  cold  air. 

12.  Clouds  are  made  of  water  vapor. 

13.  The  saturation  point  of  air  is  the  temperature  to  which  air 
must  be  cooled  before  condensation  of  the  water  vapor  in  it  will  take 
place. 

14.  Relative  humidity  means  the  ratio  between  the  amount  of 
water  vapor  in  the  air  at  a given  temperature  and  the  amount  of 
water  vapor  that  it  could  hold  at  that  temperature. 

15.  Frost  is  frozen  dew. 

16.  When  air  moves  from  a cold  region  to  a warm  region,  the 
relative  humidity  of  the  air  is  increased. 

17.  A fog  is  a cloud  near  the  surface  of  the  earth. 

18.  Changes  in  temperature  cause  changes  in  the  relative  humid- 
ity of  the  air. 

19.  The  presence  of  large  bodies  of  water  increases  the  humidity 
of  the  air  in  the  immediate  region. 

20.  When  heated  air  is  forced  upward,  clouds  are  often  produced. 

Problem  3:  Why  Does  the  Wind  Blow? 

Study  Suggestion.  In  the  study  of  this  problem  you  will  not 
really  understand  the  important  principles  and  relationships  which 
are  discussed  from  a mere  reading  of  the  book.  You  will  need  to 
think  things  through  for  yourself,  to  stop  and  re-read  what  has 
been  said,  to  study  the  diagrams  and  possibly  to  make  others  for 
yourself.  Try  always  to  realize  that  the  things  you  are  reading 
about  are  real  and  may  be  observed  every  day. 

You  have  already  learned  that  the  movement  of  air  along 
the  earth’s  surface,  to  which  we  apply  the  term  wind,  is  an 
important  factor  in  weather.  In  order  to  describe  wind  direc- 
tion definitely  and  briefly,  it  is  necessary  to  agree  on  a method 
of  naming  winds.  It  is  generally  agreed  that  a wind  shall  be 
named  according  to  the  direction  from  which  it  comes.  Thus, 
when  air  is  moving  from  north  to  south,  a north  wind  is  blow- 
ing. A wind  that  is  blowing  toward  the  northeast  is  called 
a southwest  wind. 
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It  is  generally  known  that  when  some  object  or  some 
material  begins  to  move,  there  is  some  force  which  makes  it 
move.  A chair,  for  example,  will  not  move  unless  it  is  pulled 
or  pushed  by  some  outside  force.  The  force  of  gravity  pulls 


Fig.  82.  Apparatus  for  weighing  air. 


it  toward  the  earth.  If,  however,  a force  is  applied  which  is 
greater  than  gravity,  the  chair  may  be  lifted  from  the  floor. 
An  object  or  material  moves  when  the  force  is  greater  in  one 
direction  than  any  opposing  force.  If  air  moves,  that  is,  if 
wind  blows,  it  must  be  that  the  force  tending  to  move  it  in 
one  direction  is  greater  than  the  opposing  force.  We  look  in 
vain,  however,  for  some  object  or  solid  material  which  is 
pushing,  or  exerting  force,  in  either  direction.  It  must  be, 
then,  that  some  parts  of  the  air  are  pushing  other  parts  along 
the  earth  by  their  own  pressure. 

How  can  air  exert  pressure?  If  we  study  the  properties,  or 
characteristics,  of  air,  we  can  explain  why  air  exerts  pressure. 
One  of  the  properties  of  all  matter  is  weight. 

Experiment  16.  Has  air  weight?  Balance  a bottle  of  air,  fitted 
with  a very  tight  stopper,  a delivery  tube,  and  a bicycle-tire  valve 
on  a metre  stick,  as  in  Figure  82,  or  on  a good  balance.  Now  pump 
air  into  the  bottle  with  a bicycle-  or  automobile-tire  pump.  Be 
careful  not  to  change  the  positions  of  the  weight  and  bottle  on  the 
stick.  (If  a tack  is  driven  through  the  string  into  the  stick,  the 
position  of  the  bottle  will  not  change.)  Remove  the  pump.  Does 
the  weight  still  balance  the  bottle?  How  do  you  explain  the  result? 


114 


EVERYDAY  PROBLEMS  IN  SCIENCE 


From  the  experiment  it  is  quite  evident  that  air  does 
have  weight.  If  you  could  change  all  the  air  in  your  school- 
room into  liquid  air  and  put  it  into  convenient  vessels,  a 
very  strong  man  would  be  required  to  carry  it  out,  because 
it  would  probably  weigh  over  two  hundred  pounds!  If  you 
put  your  hand  on  the  floor  and  have  some  one  put  a book  on 

it,  the  pressure  from  the  weight 
of  one  book  is  not  very  great, 
but  if  more  and  more  books 
are  added,  the  pressure  soon 
becomes  so  great  as  to  be  pain- 
ful. In  the  same  way,  when 
the  air,  which  seems  so  light, 
is  piled  up  to  a depth  of  fifty 
miles  or  more,  it  exerts  great 
pressure.  Everyone  knows  that 
the  pressure  on  a deep-sea  diver 
is  very  great  and  increases 
as  he  goes  deeper  because  of  the  weight  of  the  water  above 
him,  but  many  of  us  are  not  aware  that  we  are  walking  about 
at  the  bottom  of  an  ocean  of  air  whose  depth  is  measured  in 
miles  instead  of  the  feet  of  depth  to  which  a diver  can  descend. 
The  pressure  produced  by  this  ocean  of  air,  which  we  call 
the  atmosphere,  amounts  to  almost  fifteen  pounds  to  the 
square  inch  on  the  surface  of  the  earth  at  sea  level. 

Experiment  17.  Does  air  exert  pressure  equally  in  all  directions? 

Tie  a piece  of  dentist’s  rubber  dam,  a piece  of  a rubber  balloon, 
or  some  thin  bicycle  inner  tubing  over  a funnel  or  a thistle  tube 
which  has  a short  rubber  tubing  connected  to  the  stem  (Figure  83). 
(The  top  of  the  tube  or  funnel  should  be  ground  by  rubbing  it  on 
sand  paper  until  it  is  level.)  Hold  the  apparatus  in  a vertical  posi- 
tion with  the  rubber  dam  facing  upward.  “Suck  out’’  some  of  the 
air,  and  tie  a string  around  the  rubber  tubing  to  keep  the  outside 
air  from  going  back  through  the  tube  into  the  funnel.  What  has 
happened  to  the  rubber  dam?  There  must  be  some  force  which 
stretches  the  rubber.  Turn  the  apparatus  on  its  side,  and  upside 
down.  Do  you  find  that  the  force  acts  in  all  directions? 
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You  can  now  see  clearly  that  the  tendency  of  air  to  enter 
a vacuum  is  not  due  to  a “pull”  of  the  vacuum,  but  to  its 
lack  of  “push.”  The  push,  or  pressure,  of  the  air  on  the 
outside  of  the  rubber  is  greater  than  the  pressure  of  the  air 
on  the  inside;  hence  the  rubber  is  forced  inward. 

Air  pressure  is  all  around  you,  pushing  equally  in  all  direc- 
tions, as  the  experiment  clearly  shows.  You  do  not  feel  it,  be- 
cause the  pressure  is  the  same  in  all  directions  and  because 
there  is  air  inside  your  body  as  well  as  outside. 

It  is  now  easy  to  understand  how  a difference  of  pressure 
in  different  places  causes  the  air  to  move.  If  the  pressure  in 
one  place  is  fifteen  pounds  per  square  inch,  while  in  another 
place  it  is  fifteen  and  one-half  pounds,  some  of  the  air  from 
the  latter  place  will  move  toward  the  former,  just  as  the  air 
outside  the  rubber  dam  tried  to  move  into  the  tube  where 
the  pressure  was  lessened  by  the  removal  of  some  air.  The  slight- 
est difference  in  pressure  will  cause  movement  of  the  air,  for, 
being  a gas,  air  moves  freely.  If  the  difference  in  pressure 
is  great,  the  movement  of  air  from  one  place  to  another 
is  rapid.  Such  movement  of  the  air  is  called  wind. 

How  is  air  pressure  measured?  Because  differences  in  the 
pressure  of  the  air  cause  wind,  it  is  fully  as  important  to  be 
able  to  measure  air  pressure  accurately  as  it  is  to  be  able  to 
measure  air  temperature  accurately.  By  knowing  exactly 
the  pressure  at  different  places,  the  “weather  man”  can  pre- 
dict not  only  the  direction  of  the  wind,  but  also  the  speed. 
But  there  must  be  some  way  to  measure  the  pressure  accu- 
rately. In  the  seventeenth  century  Galileo  first  suggested 
that  air  exerted  pressure,  and  sought  to  devise  an  instrument 
to  measure  it.  He  succeeded  fairly  well  by  filling  a long  tube, 
closed  at  one  end,  with  water,  and  inverting  the  tube  in  a 
tub  of  water.  He  found  that  water  remained  in  the  tube  to 
a height  of  about  thirty-three  to  thirty-four  feet,  held  there 
by  the  pressure  of  the  air  on  the  water  in  the  tub  outside 
the  tube.  He  also  discovered  with  this  clumsy  instrument 
that  the  air  pressure  changed,  for  the  water  inside  the  tube 
did  not  always  remain  at  the  same  height. 
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One  of  Galileo’s  pupils,  Torricelli,  became  interested  in 
this  experiment  and  decided  to  use  mercury  instead  of  water, 
so  that  the  tube  would  not  need  to  be  so  long.  He  knew  that 
mercury  is  13.6  times  as  heavy  as  water  and  calculated  that 
a tube  about  three  feet  long  could  be  used.  The  instrument 
which  Torricelli  made  was  the  first  modern  barometer  such  as 
we  use  today  to  measure  air  pressure 
accurately.  You  can  easily  make  an 
instrument  like  this. 

Experiment  18.  How  is  a barometer 
made  and  used  in  measuring  air  pressure? 

Heat  one  end  of  a glass  tube  about  three 
feet  long  in  a flame  until  it  melts  and 
closes.  When  it  is  cool,  fill  it  with  mer- 
cury. Place  your  finger  over  the  open  end 
and  invert  it  in  a dish  of  mercury  (Figure 
84).  Does  the  mercury  completely  fill 
the  tube  after  your  finger  is  removed? 
What  is  left  between  the  mercury  and  the 
top  of  the  tube?  Measure  the  height  of 
the  mercury  in  the  tube  above  the  level 
of  the  mercury  in  the  dish.  Allow  it  to 
stand,  and  measure  the  height  of  the 
mercury  column  from  day  to  day.  Explain 
why  this  height  changes.  Record  your  observations  in  a table  like 
that  below.  Is  there  any  relation  between  the  height  of  the  mercury 
and  the  kind  of  weather? 


Air  Pressure  and  Sky  Conditions 


Date 

Mercury  Height 

Fair,  Cloudy,  or 

IN  Inches 

Rainy  Day 

10-20-32 

28.5 

Rainy 

The  air  pressure  on  the  mercury  in  the  dish  holds  the 
mercury  up  in  the  tube.  It  acts  just  like  a balance.  As  the 
air  pressure  becomes  less,  the  mercury  falls  until  it  just 


A B 


Fig.  84. 
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balances  the  air;  and  as  the  air  pressure  increases,  the  mer- 
cury is  forced  up  until  it  again  balances  the  air.  If  you  make 
a barometer  like  that  shown  in  Figure  85,  you  will  see  that 
it  works  like  the  barometer  used  in  Experiment  18.  From  this 
figure  you  can  see  that  the  air  column,  which  is  above  the 
open  arm  of  the  tube  and  which  extends  upward 
to  the  top  of  the  air-covering  of  the  earth,  weighs 
just  as  much  as  the  mercury  in  the  closed  end  of 
the  tube. 

To  read  a barometer,  we  always  measure  the 
height  of  the  column  of  mercury  in  the  closed  tube  ’ 
above  the  level  of  the  mercury  which  is  open  to 
the  air.  The  length  of  the  column  of  mercury  which 
just  balances  the  air  pressure  at  a certain  time  and 
place  is  the  barometer  reading.  Thus,  we  may 
hear  some  one  say  that  the  air  pressure  is  29.5 
inches.  What  is  really  meant  is  that  a column  of 
mercury  29.5  inches  long  just  balances  the  air 
pressure. 

How  are  differences  of  air  pressure  caused? 

You  will  recall  from  Problem  1 that  the  tempera- 
ture of  the  surface  of  the  earth  and  the  tempera- 
ture of  the  air  vary  greatly  in  different  places.  Let 
us  see  what  happens  when  the  temperature  of  the 
air  changes.  Reference  to  Experiment  12,  page  96, 
recalls  to  your  mind  that  air  expands  when  it  is 
heated,  that  is,  its  volume  is  increased.  This  sug- 
gests that  a given  quantity  of  heated  air  may  weigh  less  than 
the  same  quantity  of  cold  air.  Let  us  see  if  this  is  true. 


Fig.  85. 


Experiment  19.  Which  is  heavier  for  the  same  volume,  hot 
air  or  cold  air?  Balance  a large  open-mouthed  bottle  or  flask  on  a 
metre  or  yardstick,  as  shown  in  Figure  82,  page  113.  When  you 
have  the  bottle  or  flask  and  the  weight  exactly  balanced,  bring  a 
flame  against  the  bottle  or  flask,  moving  the  flame  back  and  forth 
and  around  the  container  to  warm  it  evenly  on  all  sides.  This 
will  warm  all  of  the  air  in  the  bottle  or  flask.  Note  that  the  end  of 
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the  metre  stick  to  which  the  bottle  or  flask  is  attached  has  moved 
upward.  Recall  from  Experiment  12  that  air  increases  in  volume, 
or  expands,  when  heated.  Some  of  the  air  has  been  driven  out  of 
the  container  because  the  air  expanded  when  heated.  The  weight 
of  the  air  in  the  container  is  less  when  it  is  hot  than  when  it  was 
cold.  Write  an  answer  to  the  question  of  this  experiment,  and 
explain  why  your  answer  is  correct. 

From  Experiments  12  and  19  you  see  (a)  that  air  expands 
when  heated,  and  contracts,  or  decreases  in  volume,  when 
cooled;  and  (b)  that  cold  air  is  heavier  than  the  same  volume 
of  warm  Or  hot  air.  Similarly,  when  the  air  over  one  region 
becomes  heated,  it  expands  and  becomes  lighter  than  the  cold 
air  over  other  parts  of  the  surface  of  the  earth.  The  cold  air, 
being  heavier  than  an  equal  volume  or  equal  depth  of  warm 
air,  causes  a greater  pressure  below  than  does  the  warm  air. 
As  we  have  already  seen,  when  the  pressure  becomes  unequal, 
there  is  movement  of  the  air  from  the  high  pressure  area 
toward  the  low  pressure  area;  that  is,  a wind  will  blow  from 
the  cooler  area  toward  the  warmer  one.  Thus,  you  see  the 
differences  of  temperature  help  to  cause  winds  because  they 
cause  differences  of  air  pressure. 

A second  cause  of  differences  of  air  pressure  is  humidity. 
A certain  volume  of  water  vapor  is  lighter  than  an  equal 
volume  of  dry  air.  Therefore,  moist  or  humid  air,  that  is, 
air  mixed  with  light  water  vapor,  is  lighter  than  an  equal 
volume  of  dry  air.  As  a result,  the  air  pressure  tends  to  be 
less  in  places  where  there  is  a great  deal  of  moisture  in  the  air. 
As  we  shall  see  later,  humidity  and  temperature  usually  work 
together  to  produce  pressure  differences;  that  is,  the  humid- 
ity is  usually  greater  in  warm  areas. 

Suggested  Activities.  1.  Find  the  dimensions  of  your  school- 
room and  calculate  the  approximate  weight  of  the  air  which  it  con- 
tains. A cubic  foot  of  air  weighs  approximately  1.29  ounces. 

2.  Find  the  total  area  of  the  glass  in  one  of  your  schoolroom 
windows  and  calculate  the  total  amount  of  force  exerted  on  one  side 
of  the  glass  by  air  pressure.  Why  does  not  the  window  break? 
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Self-testing  exercise  6.  (a)  Explain  how  differences  in  the 

temperature  of  the  air  at  two  points  cause  a wind.  (&)  Explain 
how  differences  in  the  humidity  of  the  air  at  two  points  may  cause 
a wind,  (c)  Explain  why  the  wind  shifts  directions  from  day  to  day. 

Problem  4:  How  Are  Local  Storms  Caused? 

Study  Suggestion.  Two  types  of  storms  affect  our  weather. 
One  type  is  the  great,  general  storm  which  causes  weather  changes 
over  an  area  as  much  as  a thousand  miles  wide.  We  shall  study 
such  general  storms  in  Problem  5.  The  second  type  of  storm  is  the 
local  storm,  the  effect  of  which  is  felt  over  an  area  only  a few  miles 
wide.  Thunderstorms  and  tornadoes  are  two  kinds  of  local  storms. 
If  you  study  this. problem  carefully,  you  should  be  able  to  deter- 
mine when  a thunderstorm  is  likely  to  happen. 

What  are  the  causes  of  thunderstorms?  The  sudden  sum- 
mer thunderstorm  is  one  of  the  most  striking  examples  of 
weather  changes.  Such  a storm  can  form,  thoroughly  soak 
a picnic  party,  and  disappear,  all  within  a few  hours.  Let  us 
follow  the  story  of  such  a local  storm  to  see  how  the  three 
factors  of  weather  act  together  to  produce  it. 

It  was  July.  The  weather  had  been  clear  for  three  days, 
and  each  day  had  been  a little  warmer  and  a little  more 
humid  than  the  day  before.  The  only  clouds  in  the  sky  had 
been  small  white  cumulus  clouds,  but  they  had  been  increas- 
ing in  numbers  and  in  size  from  day  to  day.  This  particular 
morning  was  quite  warm.  It  seemed  “close”  and  “sticky” 
because  there  was  much  moisture  in  the  air,  and  perspiration 
would  not  evaporate  rapidly  from  one’s  skin.  As  the  sun 
shone  down  on  the  ploughed  fields,  meadows,  woods,  and 
streams,  the  air  next  to  the  ground  became  warmer  and 
warmer.  The  warm  plants,  and  soil,  and  water  gave  off  more 
water  vapor  and  thus  increased  the  humidity  of  the  air. 
The  warm,  humid  layer  of  air  next  to  the  ground  actually 
became  lighter  than  the  cooler  air  above  it.  The  air  over  a 
large  ploughed  field  became  a little  warmer  than  that  over  the 
surrounding  meadows  and  woods.  Because  of  the  higher 
temperature  of  the  air  over  the  field,  the  pressure  there 
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became  a little  less  than  that  on  near-by  areas.  The  decreased 
pressure  over  the  field  allowed  the  cooler  air  over  the  woods 
and  meadows  to  settle  and  begin  to  flow  in  toward  the  field 
from  all  sides,  forcing  the  warm  air  upward.  As  the  warm 
air  was  pushed  higher  and  higher,  the  pressure  differences 
increased  (Figure  86).  Soon  a little  breeze  was  noticeable 
moving  from  the  woods  toward  the  field.  But  as  the  cool  air 


Fig.  86.  The  black  arrows  represent  the  warm,  humid  air  that  was 
forced  upward  by  the  cool,  dry  air,  which  is  indicated  by  the  white 
arrows.  The  cool  air  took  up  heat  and  moisture  from  the  warm  earth; 
then  it,  too,  was  pushed  into  the  rising  column  of  air. 

settled  and  moved  toward  the  hot  field,  it,  too,  was  warmed 
and  humidified,  then  pushed  into  the  rising  column  of  air. 
Thus,  the  column  was  constantly  furnished  with  a supply  of 
warm,  moist  air. 

As  the  air  at  the  top  of  the  column  was  pushed  higher  and 
higher,  it  became  cooler  and  cooler,  until  it  could  no  longer 
hold  all  its  water  vapor.  Tiny  droplets  of  water  were  formed 
in  great  numbers,  and  a cloud  appeared.  Its  top  was  strangely 
rounded  and  puffed  up,  because  the  rising  air  carrying  the 
droplets  was  pushing  its  way  into  the  quiet  upper  air;  its 
bottom  was  quite  flat,  because  all  the  rising  air  became 
saturated  at  about  the  same  level  (see  Figure  74).  The 
cloud  grew  larger  and  larger  as  more  water  vapor  was  carried 
up,  and  formed  more  and  larger  droplets. 
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In  some  way  that  we  do  not  yet  fully  understand,  the 
droplets  of  the  clouds  became  heavily  charged  with  electricity. 
Great  sparks,  or  lightning  flashes,  leaped  out  to  other  clouds 
and  down  to  tall  trees.  As  the  flashes  passed  through  the 
air,  the  sudden  expansion  from  the  terrific  heat  caused  power- 
ful sound  waves  which  were  heard  as  crashes  of  thunder  by 
people  near  by.  The  crashes  of 
thunder  echoed  and  re-echoed 
among  the  neighboring  clouds,  so 
that  at  a distance  there  were  pro- 
longed rumbling  sounds  instead  of 
sharp  crashes.  They  were  heard 
some  time  after  thelightning  flashes, 
too,  for  the  sound  took  almost  five 
seconds  to  travel  a mile. 

Soon  the  droplets  of  water  in  the 
cloud  became  quite  large  and  began 
to  fall  faster  than  the  rising  cur- 
rents of  air  could  carry  them  up- 
ward. A farmer  who  was  watching  Fig.  87.  Great  lightning 
from  a distance  saw  a broad,  flashes  sometimes  cause  un- 

straight  streak  of  white  ram  de-  ^nd  Underwood.) 

scending  toward  the  earth.  As  the 

rain  approached  him,  he  felt  a sudden  cool  breeze  blowing 
ahead  of  the  storm.  He  knew  that  the  cold  rain  falling  from 
the  upper  levels  of  the  air  was  cooling  the  air  near  the  surface 
of  the  earth  and  that  this  cold  air  was  rushing  outward  to  dis- 
place the  warmer  air  around  it.  Near  the  centre  of  the  cloud, 
however,  the  uprushing  currents  of  air  were  very  strong,  and 
the  large  drops  were  carried  so  high  that  they  were  frozen.  As 
they  froze,  they  fell  back  a short  distance,  only  to  be  carried 
into  the  current  and  upward  again  to  receive  another  layer  of 
ice.  Gradually  the  hailstones  got  out  of  the  stronger  currents 
and  fell  with  the  rain. 

The  air  over  all  that  part  of  the  country  was  slowly  drift- 
ing from  west  to  east  on  the  day  the  storm  formed.  As  the 
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currents  of  air  produced  the  cloud,  both  currents  and  cloud 
drifted  with  the  general  body  of  air.  As  the  storm  moved 
along,  the  rain  and  hail  which  fell  from  it  were  spread  over 
a long  strip  of  land  not  more  than  a mile  wide,  but  several 

miles  long.  Cars  driving  south- 
ward after  the  storm  stirred 
up  dust  north  of  the  storm 
path.  Then  they  found  the 
road  wet  and  the  ditches  full 
of  water.  The  hail-torn  leaves 
of  the  corn  in  the  fields  were 
hanging  in  shreds.  A short 
distance  farther  south  the  road 
was  dry  again. 

How  are  tornadoes  formed? 
The  causes  of  tornadoes  are 
not  well  understood.  They 
usually  form  under  conditions 
similar  to  those  which  produce 
thunderstorms,  and  some- 
times actually  are  parts  of 
thunderstorms.  The  uprush- 
ing  currents  of  air  take  on  a 
whirling  motion  which  is  be- 
lieved to  reach  a speed  of  four 
or  five  hundred  miles  per  hour.  The  whirling  motion  tends 
to  throw  the  air  outward  and  leave  a partial  vacuum  at 
the  centre  of  the  whirl.  The  lowered  pressure  cools  the 
air  there  and  causes  water  vapor  to  condense  into  a peculiar 
funnel-shaped  cloud  reaching  up  into  the  larger  cloud  above. 
The  tip  of  the  funnel  may  ‘‘drag”  along  the  ground  for  a 
distance  and  then  be  lifted,  only  to  descend  again  in 
another  place.  The  immense  amount  of  damage  done  by 
the  tornado  occurs  within  a few  hundred  feet  of  the  path 
where  the  tip  touches  the  ground.  The  sudden  lowering 
of  air  pressure,  as  the  centre  of  the  storm  passes,  causes  houses 
literally  to  explode  because  of  the  greater  pressure  of  the  air 


Fig.  88.  The  funnel  of  this  tornado 
struck  a pond  and  sucked  it  dry. 
(Underwood  and  Underwood.) 
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inside  them.  All  sorts  of  strange  things  happen  in  the  fraction 
of  a minute  required  for  the  “twister”  to  pass.  You  will  be 
interested  in  reading  about  tornadoes  in  books  on  the  weather 
or  in  encyclopedias.  When  tornadoes  occur  over  large  bodies 
of  water,  they  are  known  as  waterspouts. 

Self-testing  exercise  7.  Read  again  the  description  of  a thun- 
derstorm beginning  on  page  119  and  list  the  principles  discussed  in 
Problems  1,  2,  and  3 which  help  to  explain  the  formation  of  the 
storm.  You  may  begin  in  this  way: 

(a)  When  the  sun’s  radiant  energy  strikes  the  earth,  it  changes 
to  heat  and  warms  the  surface. 

(&)  The  air  is  warmed  principally  by  contact  with  the  earth. 

(c)  Heat  causes-  water  to  evaporate. 

_ Self-testing  exercise  8.  What  weather  signs  enable  one  to 
determine  if  a thunderstorm  is  likely  to  occur? 

Problem  5 : How  Do  the  Great  High-  and  Low- 
Pressure  Areas  Affect  Our  Weather? 

Study  Suggestion.  The  great  general  storms  and  areas  of  clear 
weather  which  we  are  to  study  in  this  problem  are,  during  a large 
part  of  the  year,  quite  easily  detected  by  the  ordinary  person,  if 
he  will  only  take  the  trouble  to  look  and  think.  As  you  read  the 
discussion  which  follows,  get  the  characteristics  of  “highs”  and 
“lows”  and  wind  directions  about  them  clearly  in  mind.  Then  you 
can  watch  the  changes  of  weather  with  an  intelligent  interest, 
because  you  can  see  the  reasons  for  some  of  the  apparently  mys- 
terious changes  which  occur. 

Canada  lies  within  a broad  belt  of  prevailing  westerlies.  That 
is,  it  is  in  one  of  the  general  belts  of  winds,  always  present 
on  the  surface  of  the  earth,  in  which  the  general  direction  of 
the  winds  is  from  west  to  east.  Within  this  great  region  of 
air  moving  eastward  around  the  earth  large  areas  of  high 
pressure  and  other  large  areas  of  low  pressure  develop  and 
gradually  move  in  an  easterly  direction.  Each  kind  of  area  has 
its  own  peculiar  kind  of  weather  which  affects  the  country  for 
several  hundred  miles  in  each  direction.  It  is  very  difficult  to 
account  for  the  origin  of  these  “highs”  and  “lows,”  but  their 
general  nature  and  movements  are  quite  well  known. 
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Meteorologists  call  the  low  pressure  areas  cyclones,  and  the 
high  pressure  areas  anticyclones.  Uninformed  persons,  news 
reporters  even,  often  apply  the  term  “cyclone”  to  the  local 
type  of  storm  which  is  properly  called  a tornado.  You  will. 


Fig.  89.  The  centres  of  the  “high”  and  the  “low”  are  shown  in  circles.  The 
actual  areas  are,  of  course,  much  larger  than  the  circles.  The  direction  of 
the  wind  in  and  between  the  “highs”  and  “lows”  is  dependent  on  pressure 
and  the  rotation  of  the  earth.  This  figure  represents  an  ideal  condition, 
since  the  local  changes  in  temperature  seldom  allow  the  winds  to  be  so 
regular  as  they  are  shown  here. 

of  course,  be  careful  to  use  the  term  cyclone  only  in  connec- 
tion with  the  great  region,  of  low  pressure. 

What  are  the  weather  conditions  in  a “high”?  In  a “high” 
the  air  is  cool  and  dry.  Being  cool  and  dry,  it  is  relatively 
heavy  and  thus  causes  the  high  pressure  from  which  the  area 
gets  its  common  name.  From  the  centre  of  the  “high”  the 
air  pushes  out  in  all  directions  (Figure  89),  allowing  more 
air  from  above  to  sink  down  into  the  area  and  in  turn  push 
outward.  The  moving  air  is  affected  by  the  rotation  of  the 
earth  in  such  a way  as  to  cause  it  to  move  in  a general  spiral, 
clockwise  direction  away  from  the  centre. 

As  the  air  sinks  downward  in  the  “high,”  it  becomes  warmer 
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and  can  thus  hold  more  water  vapor.  Clouds  and  rain  cannot 
well  form  under  such  conditions.  In  fact,  any  clouds  that  had 
been  formed  would  tend  to  evaporate.  As  a result,  the 
“highs”  are  usually  areas  of  clear  and  relatively  cool  weather. 


Fig.  90.  The  lines  indicate  the  course  of  cyclone  tracks  during  January 
for  a ten-year  period.  The  map  shows  why  the  weather  of  the  Mackenzie 
River  valley  is  often  reflected  a few  days  later  in  the  weather  of  Ontario 
and  Quebec. 

What  are  the  weather  conditions  in  a “low”?  You  probably 
suspect  that  the  conditions  in  a “low”  are  just  the  opposite 
to  those  in  a “high,”  and  you  are  right.  The  air,  moving  in 
from  neighboring  high-pressure  areas  in  a spiral,  counterclock- 
wise direction  (Figure  89),  is  warmed  and  humidified  by  con- 
tact with  the  earth’s  surface.  It  thus  becomes  lighter  and 
lighter.  Near  the  centre  of  the  “low”  it  is  forced  upward.  As 
it  moves  upward,  it  is  cooled,  and  part  of  the  moisture  it  con- 
tains is  condensed  into  clouds,  causing  rain  or  snow.  The 
heaviest  rain  and  snow  fall  in  the  southeastern  quarter  of 
a “low,”  because  in  that  region  the  air  is  moving  northward 
into  a cooler  area.  You  see,  then,  that  in  general  a “low”  is  a 
region  of  warm,  cloudy  weather,  low  pressure,  and  rising  air. 
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It  is  not  unusual  to  hear  the  “lows,”  or  cyclones,  spoken  of 
as  storms  or  storm  areas.  Be  careful,  in  your  thinking,  not 
to  confuse  such  a storm  with  violent  local  storms,  such  as 
thunderstorms.  A cyclone’s  storm  area  is  hundreds  of  miles 
wide,  and  usually  the  air  currents  are  relatively  gentle.  It 
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WINNIPEG.  WEDNESDAY 
JANUARY  15.  1930 


Snow  and  rain  have  occurred 
from  Ontario  eastward.  The 
weather  in  the  West  has  been 
fair  and  decidedly  cold. 


FORECASTS: 

MANITOBA  AND 
SASKATCHEWAN : 

Northerly  winds;  fair  and 
very  cold  to-day  and  Thurs- 
day. 

ALBERTA: 

Mostly  fair  and  very  cold 
to-day  and  Thursday  with 
local  snowflurries. 

LAKE  SUPERIOR: 

Strong  northerly  winds;  fair 
and  very  cold  to-day  and 
Thursday;  probably  local 
snowflurries. 


Fig.  91.  Part  of  a chart  showing  information  received  from  telegraphic 
reports  at  the  Winnipeg  meteorological  station. 


is  not  unusual  for  one  to  pass  over  a region  with  no  more 
evidence  of  its  passing  than  a slow  shift  in  the  direction  of 
the  wind,  a period  of  cloudy  weather  with  perhaps  a gentle 
rain,  followed  by  clearing  skies  and  a drop  in  temperature. 

How  does  the  “weather  man”  forecast  the  weather?  Each 
“high”  and  each  “low”  is  a little  different  from  all  others, 
but  careful  study  has  shown  meteorologists  that  they  tend 
to  follow  certain  general  paths,  as  shown  in  Figure  90.  Their 
rate  of  movement  is  also  fairly  well  known.  It  is  only  neces- 
sary, then,  for  the  “weather  man”  to  find  out  where  the 
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Fig.  92.  A weather  map  with  information  filled  in  from  telegraphic  reports. 
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“highs”  and  “lows”  are  and  how  intense  they  are,  to  be  able 
to  tell  the  approximate  kind  of  weather  which  a certain  area 
is  going  to  have  during  the  next  few  hours.  Local  conditions, 

which  he  cannot  always  foresee, 
may  affect  parts  of  the  region, 
but  he  is  usually  able  to  make  a 
very  accurate  forecast. 

You  see,  then,  that  in  order 
to  predict  weather  the  fore- 
caster must  have  accurate  re- 
ports of  all  weather  conditions 
from  every  different  part  of  the 
country.  Every  morning  at  7 : 45 
Fig.  93.  How  weather  informa-  and  every  evening  at  the  same 
tion  is  first  recorded  on  the  map.  ,•  ...  i i i 

^ time,  about  one  hundred  fifty 

weather  stations  in  Canada,  Newfoundland,  Bermuda  and 
the  United  States  telegraph  the  weather  conditions  to  the 
meteorological  bureau  in  Toronto.  Each  report  states  the 
barometer  reading,  the  temperature,  the  direction  and  speed 
of  the  wind,  the  amount  of  rain  or  snow,  and  the  condition 
of  the  sky.  All  of  these  reports  are  charted  on  a blank  map 
of  North  America.  The  forecasting  official  then  is  able,  from 
long  experience  and  knowledge  of  atmospheric  phenomena. 


Fig.  94.  Storm  signals  of  the  Canadian  meteorological  service  warn  ships 
of  approaching  storms.  No.  1 signals  a gale  from  the  east,  No.  2 from 
the  west.  No.  3 signals  a heavy  gale  from  the  east.  No.  4 from  the  west. 
Night  signals  are  lights,  red  for  Nos.  1 and  3,  red  above  white  for  Nos. 
2 and  4.  The  baskets  are  wicker,  made  by  the  blind. 

to  issue  a forecast  for  the  next  36  hours.  These  forecasts 
are  made  at  ten  in  the  morning  and  ten  at  night;  they  are 
telegraphed  to  every  telegraph  office  in  Canada,  published 
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in  the  daily  newspapers,  broadcast  over  the  radio,  and 
provided  to  central  telephone  oflEices  so  that,  in  the  last 
case,  farmers  and  fishermen  may  receive  individual  reports. 
Special  reports  are  wirelessed  to  ships  on  the  two  oceans 
and  on  the  Great  Lakes;  at  over  100  ports,  storm  signals  are 
displayed  when  gales  are  coming;  and  warnings  are  telegraphed 
to  the  railways  when  snow  storms  and  drifts  may  be  expected. 

Suggested  Activity.  Examine  Figure  92  carefully.  Then  place 
tissue  or  tracing  paper  over  it.  Trace  the  words  High  and  Low  in 
central  and  eastern  Canada,  and  the  arrows  around  these  centres. 
Compare  your  tracing  with  Figure  89.  Is  the  general  direction  of 
the  wind  in  and  around  the  “high”  and  “low”  the  same  in  the  two 
figures? 

Self-testing  exercise  9.  What  changes  in  temperature,  air 
pressure,  and  sky  conditions  take  place  when  (a)  a “high”  ap- 
proaches and  (b)  when  a “low”  approaches.  Explain. 

Self-testing  exercise  10.  (a)  Consult  the  key  to  the  map,  given 

in  Figure  92,  and  state  the  kind  of  weather  which  existed  in  your 
region  on  the  day  for  which  Figure  92  shows  the  weather  in  Canada 
and  the  United  States.  Include:  (1)  condition  of  sky,  (2)  direction 
of  wind,  (3)  barometric  pressure,  (4)  temperature. 

(b)  Assuming  that  the  map  (Figure  92)  represents  the  conditions 
as  reported  this  morning,  forecast  the  weather  for  your  region  for 
the  next  twenty-four  hours. 

Summary  exercise  on  Unit  III.  Make  a list  of  all  of  the  important 
principles  or  big  ideas  of  science  which  you  have  come  to  understand 
from  this  unit.  State  them  in  sentence  form. 

Additional  Exercises 

1.  Why  do  early  morning  fogs  usually  soon  disappear? 

2.  Why  do  fogs  develop  more  often  at  night  than  in  the  daytime? 

3.  Why  is  it  more  likely  to  frost  on  a clear  night  than  on  a 
cloudy  night? 

4.  Why  does  the  air  become  cooler  after  a thunderstorm? 

5.  How  do  paper  bags  tied  over  young  plants  in  the  spring 
protect  the  plant  from  frost? 

6.  Why  does  dirty  snow  melt  quicker  than  clean  snow? 


130 


EVERYDAY  PROBLEMS  IN  SCIENCE 


7.  Sound  travels  about  1100  feet  per  second.  If  a thunderclap 
is  heard  five  seconds  after  the  flash  of  lightning  is  seen,  how  far  away 
was  the  lightning? 

8.  Why  does  the  temperature  in  the  Sahara  Desert  vary  so 
greatly  by  day  and  night? 

9.  One  sunburns  more  easily  on  a high  mountain  than  in  the 
valleys,  yet  the  air  is  much  cooler  on  the  mountain.  Explain. 

10.  At  midnight  in  summer  the  water  of  a lake  or  ocean  is 
usually  warmer  than  the  adjoining  land  surface.  Will  the  air  move 
toward  the  land  or  toward  the  water?  Explain. 

11.  On  a clear  day  a sidewalk  feels  warmer  than  the  air  above 
it.  Explain. 

12.  If  the  air  were  not  a freely  moving  material,  it  would  not 
be  warmed  greatly  even  on  a summer  day.  Explain. 

13.  Explain  why  drops  of  water  form  on  the  outside  of  a pitcher 
of  ice  water  when  it  stands  in  a warm  room. 

14.  Why  are  the  heat  belts  so  irregular  in  shape?  (See  Figure  73.) 

15.  Aviators  usually  experience  difficulty  while  flying  in  the 
North  Atlantic  because  of  fogs.  What  conditions  in  this  region 
make  fogs  very  common? 

16.  Why  are  plants  moist  in  the  early  morning? 

17.  Why  does  one  see  his  breath  in  winter? 

18.  Why  does  a mist  often  form  on  the  inside  of  a cold  window- 
pane? 

19.  In  some  tropical  countries  water  pipes  to  supply  hot  water 
are  exposed  to  the  sun.  Should  these  pipes  be  bright  or  painted 
black? 

20.  How  does  a smoke  smudge,  such  as  is  used  sometimes  in 
orchards  when  there  is  a possibility  of  frost,  help  prevent  the  earth 
from  cooling  off  so  rapidly? 

21.  If  a little  air  were  allowed  to  enter  the  space  above  the  mer- 
cury in  the  closed  tube  of  a barometer,  how  would  it  affect  the  reading? 

22.  How  will  the  height  of  the  mercury  in  a barometer  change  if 
the  barometer  is  carried  up  a mountain?  Into  a deep  mine? 

Instead  of  the  exercises  above,  or  in  addition  to  these,  you  may 
find  time  for  one  or  more  of  the  topics  or  projects  given  for  this 
unit  in  the  back  of  the  book. 


UNIT  IV 


HOW  DOES  MAN  PROVIDE  HIS  FOOD  SUPPLY? 

Preliminary  Exercises 

1.  State  at  least  one  way  in  which  our  food  supply  depends  upon 
(a)  the  sun,  (b)  the  movements  of  the  earth,  (c)  the  climate,  and 
(d)  the  weather. 

2.  Write  a paragraph  in  which  you  compare  the  kinds  of  plants 
and  animals  available  for  food  in  your  climate  with  those  in  one 
other  widely  different  climate. 

3.  Make  a table  like  the  one  below  for  the  different  foods  you 
ate  yesterday.  Be  careful  to  draw  the  lines  of  the  table  correctly 
and  neatly.  Prepare  a proper  title  for  the  table. 


Source 

Food 

PLANT  OR 
ANIMAL 

PART 

Method  of  Preparation 

Bread 

Steak 

Etc. 

Wheat 

Steer 

Etc. 

Seeds 

Leg 

Etc. 

Ground,  mixed  with  other  things,  baked. 
Killed  and  cut  by  butcher,  fried. 

Etc. 

4.  People  are  often  advised  by  doctors  to  eat  such  foods  as 
fruits,  vegetables,  and  bran  bread.  Why? 

5.  Name  three  different  uses  of  food  in  the  body. 

6.  State  briefly  the  rules  which  should  guide  you  in  selecting 
your  food  for  a day. 

7.  List  in  a column  as  many  ways  as  you  can  of  keeping  food 
from  spoiling.  Opposite  each  method  tell  why  it  is  effective.  Under- 
line the  methods  which  are  used  in  your  own  home. 

The  Story  of  Unit  IV 

Before  man  had  learned  to  understand  and  use  the  forces 
and  materials  of  nature,  his  food  supply  depended  almost 
entirely  upon  the  climate  of  the  region  in  which  he  lived.  He 
made  his  home  where  there  existed  enough  food  to  support 
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life.  Most  of  his  time  was  spent  in  search  of  something 
to  eat.  The  stream,  lake,  ocean,  field,  and  forest  furnished 
him  with  such  food  as  he  could  obtain  by  fishing  and  hunt- 
ing. Fish,  animals,  berries,  leaves,  stems,  roots,  and  seeds 
made  up  his  daily  menu.  He  learned  what  was  good  to  eat 
by  sampling  nature’s  store.  As  the  food  in  his  neighborhood 

became  exhausted,  he 
moved  on  to  other 
places.  Each  day  he 
struggled  with  his  en- 
vironment  against 
starvation. 

One  of  the  impor- 
tant early  steps  in 
man’s  struggle  with 
nature  in  certain  cli- 
mates took  place  when 
he  began  to  tame  wild 
animals  and  keep 
them  as  a source  of 
food  for  the  long  win- 
ter months.  The  ani- 
mals produced  their 
young  and  furnished 
him  with  a constant 
supply  of  animal  food.  At  the  same  time  he  found  it  necessary 
to  secure  plant  food  for  the  animals.  This  was  possible,  because 
by  this  time  he  had  learned  to  cultivate  the  soil  and  grow  certain 
grain-producing  plants. 

Through  experience  man  found  that  his  food  supply  was 
dependent  not  only  upon  the  climate  but  also  upon  the  kind 
of  soil.  The  climate  could  not  be  changed;  so  he  directed  his 
efforts  toward  cultivating  and  improving  the  land.  By  culti- 
vating the  soil  in  various  ways  he  was  able  to  raise  many  new 
food-producing  plants.  By  irrigating  he  made  it  possible  to 
raise  usable  plants  and  animals  in  regions  which  were  until 
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Fig.  96.  A British  Columbia  orchard.  Note  the  contrast  of  this 
irrigated  hillside  with  the  barren  hills  surrounding  it.  (Canadian 
Pacific  Railway.) 


Fig.  97.  An  irrigation  canal  carrying  the  waters  of  the  Bow  River 
to  the  thirsty  plains  southeast  of  Calgary,  Alberta.  (National 
Development  Bureau.) 


then  of  little,  if  any,  value  to  him.  By  draining  he  made  huge 
areas  of  swamp-land  into  fertile  fields.  By  experimenting  he 
produced  plants  and  animals  better  adapted  to  live  in  different 
climates.  By  fertilizing  the  soil  with  materials  needed  for 
plant  growth  he  greatly  increased  the  productivity  of  the 
soil.  With  a larger  supply  of  plant  food  more  animals,  such 
as  cattle,  hogs,  sheep,  and  chickens,  could  be  raised.  Thus  our 
supply  of  both  plant  and  animal  food  has  been  increased 
by  modern  methods  of  agriculture. 
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You  have  just  read  how  man  has  constantly  striven  to 
increase  and  improve  the  plants  which  he  uses  for  food.  Has 
it  ever  occurred  to  you  that,  after  all,  plants  are  the  original 
source  of  everything  we  eat?  All  food  comes  from  plants; 
they  are  the  “food  factories”  of  the  world.  Just  why  and 

how  they  are,  you  will 
learn  in  this  unit. 

Along  with  this 
knowledge  of  how  to 
raise  plants  and  ani- 
mals has  come  an  in- 
creased knowledge  of 
food  itself.  It  is  only 
in  recent  times  that 
man  has  discovered 
the  substances  that 
are  present  in  foods 
and  how  these  are 
combined  to  make 
foods.  Chemical  anal- 
ysis of  a great  number 
of  our  common  foods, 
such  as  bread,  pota- 
toes, meat,  eggs,  butter,  etc.,  has  shown  that  foods  may  be 
grouped  into  different  classes.  Each  class  is  composed  of 
certain  substances,  and  each,  because  of  the  difference  in  the 
elements  found  in  it,  serves  a different  purpose  in  the  body. 
Through  feeding  animals  diets  consisting  of  varying  propor-  , 
tions  of  these  substances  (Figure  98)  and  through  experimen- 
tation upon  human  beings,  it  has  been  possible  to  arrive  at 
certain  principles  which  should  guide  us  all  in  the  selection  of 
our  foods.  That  eating  the  proper  kind  of  food  is  important  is 
shown  by  the  fact  that  many  physicians  believe  that  improper 
food  is  one  of  the  most  common  causes  of  human  illnesses. 

Man  has  made  still  another  important  discovery  in  con- 
nection with  his  food  supply.  He  has  learned  why  foods  spoil 


Fig.  98.  Differences  in  the  food  upon  which 
these  trout  were  fed  resulted  in  these  great 
differences  in  size.  They  were  all  hatched  from 
the  same  batch  of  eggs.  (Cornell  Uni- 
versity Animal  Nutrition  Laboratory.) 
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and  how  to  prevent  them  from  spoiling.  This  is  of  great  im- 
portance to  all  of  us  today,  since  foods  must  be  shipped  long 
distances  and  must  be  kept  for  long  periods  of  time  before 
they  are  used.  Of  course  you  are  familiar  with  some  of  these 
common  methods,  such  as  canning  and  placing  the  food  in 


Fig.  99.  In  glass-lined,  steel  tanks  constructed  like  a vacuum  bottle  milk 
is  kept  cool  and  clean  on  its  journey  from  farm  to  city. 


the  refrigerator.  How  canning  or  cooling  foods  prevents 
spoiling,  however,  is  another  problem. 

A study  of  this  unit  should  bring  to  your  attention  some  of 
the  problems  which  arise  in  the  selection  of  foods  and  an 
understanding  of  the  principles  which  have  been  worked  out 
to  guide  you  in  determining  your  daily  diet. 

Problem  1:  Why  Do  You  Eat  Food? 

Study  Suggestion.  Have  you  ever  thought  of  what  it  means  to 
be  “alive”?  It  is  because  you  are  “alive”  that  you  can  do  all 
of  the  things  that  you  do.  Non-living  things  are  unable  to  carry 
on  all  of  the  activities  that  you  can.  Being  alive  not  only  means 
that  one  can  carry  on  certain  activities;  it  also  means  that  certain 
requirements  or  conditions  must  be  met  if  one  is  to  remain  alive. 
What  these  requirements  are  you  will  learn  in  this  problem. 

How  is  the  body  like  a machine?  If  you  had  a toy  that 
could  perform  all  of  the  activities  which  you  can,  you  would 
think  that  it  was  a wonderful  mechanism.  Yet  many  people 
fail  to  realize  that  the  human  body  is  probably  the  most 
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wonderful  and  most  complicated  machine  in  the  world.  To 
think  of  the  body  as  a machine  may  be  a new  idea  to  you. 
Perhaps  you  picture  a machine  as  a complicated  mass  of 
metal,  whirring  wheels,  levers,  and  noises.  Some  machines 
do  seem  like  this,  but  not  all  of  them.  You  have  probably 
seen  gas  engines,  steam  engines,  electric  motors,  and  wind- 
mills. They  are  all  alike  in  one  respect:  When  they  are  pro- 
vided with  energy  of  one  kind  or  another,  they  can  drive 
wheels,  which  can  be  attached  to  other  devices  in  order  to 
make  them  go.  A gasoline  engine,  for  example,  when  pro- 
vided with  the  energy  of  an  exploding  mixture  of  gasoline 
and  air,  can  propel  an  automobile.  Similarly,  a steam  engine, 
provided  with  the  energy  of  steam,  can  move  a locomodve. 

Now  let  us  consider  the  human  body.  It  possesses  no  wheels 
nor  smokestacks,  but  it  is  a “going”  concern.  Some  kind  of 
movement  is  always  going  on  in  the  body.  Even  when  one  is 
sleeping,  the  heart  must  beat;  and  the  lungs  must  be  filled 
with  and  emptied  of  air.  And  when  one  is  awake,  one  walks, 
lifts  objects,  and  carries  on  countless  other  activities.  Like 
the  other  machines,  the  human  body  needs  a source  of  energy 
to  make  it  go.  As  you  probably  know,  this  source  of  energy 
is  the  food  you  eat.  If  you  go  without  food  for  any  consider- 
able period  of  time,  you  become  weaker  and  weaker,  until  you 
can  no  longer  walk,  and  until  finally  all  of  the  activities  of 
the  body  stop.  The  human  body  is  thus  similar  to  other 
machines  in  that  it  can  carry  on  certain  activities  if  provided 
with  energy. 

Not  all  of  the  energy  needed  by  the  body  is  used  to  secure 
movements  of  the  various  muscles.  Part  of  the  energy  is  used 
to  keep  the  body  warm.  The  proper  body  temperature  is 
essential,  not  only  for  our  comfort  but  also  to  keep  the  differ- 
ent parts  of  the  body  in  good  working  order.  The  body 
machine  is  very  similar  to  the  engine  of  your  automobile 
in  this  respect.  On  a cold  day  the  engine  “sputters”  and 
“coughs”  until  it  has  warmed  to  a certain  temperature.  On 
the  other  hand,  if  it  gets  too  warm,  parts  of  it  may  be  ruined. 
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Unlike  the  engine,  however,  the  human  body  is  always  at 
the  same  temperature  if  one  is  in  good  health.  The  body 
usually  remains  at  about  98.6°  F.,  its  normal  working  tem- 
perature. It  is  only  in  case  of  sickness  that  the  temperature 
may  drop  below  this  point  and  be  subnormal,  or  that  it  may 
rise  considerably  above  98.6°  F.  and  produce  a fever.  It  is 


Fig.  100.  No  object  can  move  without  energy.  Whether  it  be  a machine 
of  metal  or  a machine  of  flesh  and  bone,  it  must  get  energy  from  some- 
where if  it  is  to  carry  on  its  activities.  Every  time  the  machine  or 
any  part  of  it  moves,  energy  is  used. 

evident,  of  course,  that  the  amount  of  energy  needed  to  keep 
the  body  warm  depends  to  some  extent  upon  the  tempera- 
ture of  the  air.  On  very  cold  days,  when  the  body  gives  up 
much  heat  to  the  cold  air  around  it,  a considerable  amount 
of  energy  must  be  produced  within  the  body.  On  hot  days 
little  or  no  heat  is  lost,  and  less  energy  is  needed  to  maintain 
the  normal  body  temperature. 

How  does  the  body  obtain  energy  from  food?  Perhaps 
you  wonder  how  bread,  meat,  and  other  foods  provide  you 
with  the  energy  for  your  many  activities  and  for  your  bodily 
warmth.  How  this  energy  is  produced  may  be  clearer  if  you 
further  compare  the  human  body  with  a steam  engine.  You 
know  that  a fire  is  necessary  to  change  water  into  the  steam 
which  makes  the  different  parts  of  the  engine  move,  and  that 
the  fire  also  makes  the  engine  warm.  The  energy  must 
come  from  the  coal  or  other  fuel  when  it  burns. 

Chemists  have  studied  the  nature  of  burning,  and  they  tell 
us  that  the  process  is  one  in  which  the  oxygen  of  the  air 
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combines  with  the  fuel  to  form  new  materials  which  are  usually 
gases.  They  tell  us  further  that  when  this  combination,  called 
oxidation,  takes  place,  the  energy  in  the  fuel  and  oxygen  is 
changed  to  heat.  It  is  this  heat,  produced  by  the  oxidation  in 
the  fire-box  of  the  engine,  which  changes  water  into  steam  and 

gives  the  steam  the  energy  to 
move  the  parts  of  the  engine.  At 
the  same  time  some  of  the  heat 
warms  the  engine. 

A process  similar  to  burning 
goes  on  in  the  human  body.  In 
the  body  oxygen  Is  taken  into 
the  lungs  when  you  breathe. 
This  oxygen  passes  through  the 
thin  walls  of  the  tiny  blood  ves- 
sels in  the  lungs  and  gets  into 
the  blood.  The  blood  is  then 
sent  back  to  the  heart,  which 
pumps  it  through  the  rest  of  the 
body.  The  food  you  eat  Is  also 
taken  into  the  blood  and  trans- 
ported through  the  body.  As  the 
blood  circulates.  It  is  constantly 
giving  up  food  materials  and 
oxygen  to  the  parts  of  the  body 
that  need  them.  The  food  which  is  taken  from  the  blood  may 
be  used  to  build  new  body  material,  or  it  may  be  stored  for 
future  use.  The  oxygen  which  is  taken  from  the  blood  com- 
bines with  these  materials.  This  combination  is  accompanied 
by  an  energy  change,  and  it  takes  place  so  slowly  that  no 
flame  is  present;  it  is  called  slow  oxidation.  The  energy 
produced  by  slow  oxidation  is  the  energy  which  enables  us  to 
move  the  more  than  five  hundred  muscles  of  our  body,  and 
to  keep  our  bodies  warm. 

How  is  the  body  kept  in  repair?  When  a steam  engine 
is  used,  its  parts  become  worn  out  or  broken.  These  must  be 


Fig.  101.  A fern  stem  cut  cross- 
wise and  photographed  through 
a microscope  shows  the  cells  as 
they  appear  when  magnified 
hundreds  of  times.  (Photo  by 
Dr.  Paul  Sedgwick.) 
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repaired  or  replaced  by  new  parts.  Note,  however,  that  the 
steam  engine  cannot  make  its  own  repairs;  these  must  be 
made  by  a mechanic.  Parts  of  the  human  machine  also  wear 
out  and  need  replacement  or  repair.  As  we  have  seen,  the 
process  of  slow  oxidation  is  constantly  using  body  materials. 
The  process  of  repair  in  the  human 
body  is  very  different  from  that  by 
which  an  engine  is  placed  in  running 
order.  The  engine  is  made  of  rela- 
tively few  parts,  made  almost  en- 
tirely from  iron  and  steel,  while  the 
body  is  composed  of  millions  of  parts 
made  of  many  different  materials. 

You  perhaps  are  accustomed  to 
think  of  your  body  as  consisting  of 
a trunk,  a neck,  a head,  two  arms, 
two  legs,  together  with  certain  in- 
ternal parts,  such  as  a stomach,  a 
liver,  and  a heart.  Let  us  see  what 
the  microscope  shows  regarding 
the  structure  of  living  things. 

Experiment  20.  How  do  parts  of  living  things  appear  under  the 
compound  microscope?  (a)  Examine  the  outer  skin  of  an  onion 
under  the  microscope.  What  does  it  look  like? 

{h)  Examine  some  water  plants,  such  as  Elodea  and  Spirogyra. 
Describe  what  you  see. 

(c)  Scrape  the  inner  lining  of  the  mouth  with  a dull  knife  and 
examine  under  the  microscope  the  material  so  collected.  How  does 
it  resemble  what  you  found  in  (a)  and  (6)? 

Robert  Hooke,  an  English  scientist,  is  usually  given  credit 
for  first  observing,  in  1665,  what  he  called  the  “little  boxes  or 
cells”  of  a plant.  Since  his  discovery  it  has  been  shown  that 
all  living  things  are  composed  of  cells.  Under  the  microscope 
they  appear  flat,  but  in  reality  they  may  be  as  thick  as  they 
are  wide.  Inside  of  the  walls  of  the  cell  is  a material  called 
protoplasm.  This  protoplasm  is  the  material  which  makes  a 


Cell^vall 


■Nucleus 


Fig.  102.  Your  body  is  made 
up  of  millions  of  cells.  In  the 
centre  of  each  cell  is  a some- 
what denser  bit  of  protoplasm, 
called  the  nucleus.  If  this  is 
destroyed,  the  cell  dies. 
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Fig.  103.  How  cells  divide.  Notice  that  the 
nucleus  also  divides,  forming  two  nuclei, 
one  for  each  new  cell. 


living  thing  alive.  Rocks,  metals,  ice,  and  glass  do  not  con- 
tain protoplasm ; neither  are  they  made  of  cells.  Only  living 
things  are  composed  of  cells;  only  living  cells  contain  proto- 
plasm. All  of  the  work  done  in  the  body  is  done  by  these 

cells.  When  you  move 
your  arms,  millions  of 
cells  are  all  working  to- 
gether to  bring  about 
this  result. 

Since  it  is  the  cells 
which  do  the  work,  it 
appears  that  it  must 
be  the  cells  that  need 
oxygen  and  food  for 
energy  and  repair.  And 
so  it  is ; every  time  you 
wink  your  eye,  sitdown, 
get  up,  think,  look,  listen,  or  move  any  part  of  the  body,  certain 
parts  of  cells  and  food  materials  in  them  are  oxidized  and 
destroyed.  These  must  be  replaced  by  materials  of  the  same 
kind  as  compose  the  cells.  The  only  source  of  these  materials 
is  the  food  you  eat.  The  living  protoplasm  in  the  cells  can  take 
these  lifeless  materials  and  change  them  into  new  protoplasm. 
In  this  way  self-repair  takes  place  in  the  body  of  the  living  thing. 
This  wonderful  power  of  self-repair  in  the  human  body  is  shown 
strikingly  in  the  case  of  broken  bones  or  serious  cuts.  Properly 
cared  for,  they  are  repaired  and  are  “just  as  good  as  new." 

How  does  the  body  grow?  One  of  the  most  striking 
qualities  of  a living  thing,  like  the  human  body,  is  its  power 
to  grow.  This  is  an  ability  which  only  living  things  possess. 
Plant  a stone  in  the  garden,  dig  it  up  a few  years  later,  and 
you  will  find  the  same  old  stone.  Plant  a grain  of  corn,  and 
in  a few  months  you  will  have  a plant  many  hundred  times 
the  weight  of  the  original  seed.  Consider  yourself,  for  ex- 
ample. When  you  were  born,  you  probably  weighed  less 
than  ten  pounds  and  were  less  than  two  feet  in  length.  It  is 
evident  that  this  increase  in  size  must  be  brought  about  by 
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adding  new  materials  to  the  body.  As  we  have  seen,  the 
protoplasm  in  the  cells  can  make  new  protoplasm  from 
foods.  In  this  manner  the  cells  can  increase  in  size.  Growth 
in  general,  however,  is  secured  by  the  division  of  the  cells  into 
two  smaller  cells,  each  of  which  grows  to  normal  size  (Figure 
103).  This  division  of  cells  and  the  increase  of  these  cells  to 
normal  size  takes  place  very  rapidly  during  infancy  and  youth. 
Finally  one  attains  full  growth.  New  cells  may  still  be 
formed  by  the  process  of  division,  but  growth  in  height 
ceases.  Throughout  our  lives,  therefore,  we  are  constantly 
in  need  of  the  materials  supplied  by  food. 

Self-testing  exercise  1.  State  in  sentences  four  important  rea- 
sons for  eating  food. 

Self-testing  exercise  2.  Copy  the  following  table,  entering 
“Yes”  or  “No”  in  the  proper  place  in  each  column.  Then,  after 
filling  out  the  table,  complete  this  statement:  Living  things  are  dif- 
ferent from  non-living  things  in  the  following  respects: 


Comparison  of  Living  and  Non-Living  Things 


Object 

Stone 

Engine 

Occupies  space 

Has  weight 

Needs  fuel 

Can  move 

Can  grow 

Works  best  at  a certain  temperature 

Can  repair  itself 

Can  adjust  itself  to  changes 

Can  start  activity  by  itself 

Problem  2:  What  Are  the  Sources  of  Our  Food? 

Study  Suggestion.  With  many  people  the  answer  to  this  prob- 
lem is,  “Our  food  comes  from  the  grocery  and  the  meat  market.” 
They  have  a vague  idea  that  somewhere  there  are  farmers  who  are 
raising  vegetables,  grain,  and  livestock  which  are  sent  to  market. 
The  real  answer,  however,  is  very  different  from  what  many  people 
believe.  Write  your  answer  before  you  begin  to  study.  When  you 
have  finished  studying,  read  your  answer.  Were  you  correct? 

The  water  and  the  soil  are  the  homes  of  the  plants  and 
animals  we  eat.  Here,  under  proper  conditions  of  climate, 
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Fig.  104.  Some  of  the  leaves  that  we  use  for  food. 


they  grow  and  manufacture  our  food  materials.  If  you  ex- 
amine the  list  you  made  in  Preliminary  Exercise  3,  as  well  as 
other  sources  which  you  might  add,  you  find  that  the  princi- 
pal plant  foods  are  fruits,  vegetables,  and  grains.  Similarly, 
you  see  that  the  important  animal  foods  are  obtained  from 
cattle,  hogs,  sheep,  fowls,  and  fish.  Millions  of  people  are 
engaged  every  day  in  the  work  of  producing,  preparing,  and 
transporting  food  materials. 

What  plant  and  animal  materials  do  we  use  for  food?  The 

principal  parts  of  green  plants,  which  furnish  the  greater  pro- 
portion of  our  food  supply,  are:  root,  stem,  leaf,  bud,  flower, 
seed,  and  fruit  (Figures  104-106).  These  are  used  directly  or 
are  manufactured  into  various  plant  products.  The  bud  and 
the  flower  are  less  commonly  used  than  the  other  parts  of  the 
plant.  In  the  table  below  you  will  find  the  names  of  certain 
food  plants  and  plant  products  listed  under  the  part  of  the 
plant  which  supplies  the  food.  Those  marked  (*)  are  products 
manufactured  from  plants. 


TABLE  2.  Sources  of  Common  Plant  Foods 


Root 

Stem 

Leaf 

Bud 

Flower 

Seed 

Fruit 

Turnip 

Radish 

*Beet 

sugar 

Asparagus 

Potato 

*Cane 

sugar 

Cabbage 

Lettuce 

Onion 

Brussels 

sprouts 

Cauli- 

flower 

Wheat 

Rice 

*Corn- 

starch 

Tomato 

Peach 

Banana 
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Fig.  105.  Beets,  radishes,  and  sweet  pota- 
toes— some  of  the  roots  that  man  has  learned 
to  cultivate  for  food. 


Fig.  106.  Stems  as  food. 
The  “Irish”  potato  is 
an  underground  stem. 


Many  plant  products  appear  on  the  table  every  day.  Sup- 
pose, for  example,  that  your  meals  for  yesterday  were  as 
shown  below.  Look  over  the  menus  and  check  with  a light 
pencil  mark  the  plant  products. 


Breakfast 
Orange,  or  baked 
apple 

Oatmeal,  cream,  and 
sugar 

Eggs  and  bacon 

Toast 

Butter 


Noonday  Meal 
Pea  soup 

Creamed  asparagus 
on  toast 

Lettuce  and  tomato 
salad 
Hot  rolls 
Butter 


Evening  Meal 
Roast  beef 
Mashed  potatoes 
String  beans 
Fruit  salad 
Bread  and  butter 
Grape  jelly 
Chocolate  cake 


Cattle,  hogs,  and  sheep  furnish  us  with  our  principal  ani- 
mal foods.  As  in  the  case  of  the  plants,  various  parts  of  these 
animals  are  used.  The  most  commonly  eaten  parts  are  the 
flesh,  heart,  liver,  pancreas,  and  brains.  Often  in  the  coun- 
try these  animals  are  killed,  and  the  meat  is  used  as  needed, 
being  kept  from  spoiling  by  refrigeration,  smoking,  or  salting. 
A large  proportion  of  the  animals  are  shipped  to  the  great 
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meat-packing  centres,  Calgary,  Winnipeg,  Toronto,  Montreal, 
Chicago  and  Liverpool.  Here  they  are  slaughtered  and 
prepared  for  meat  after  they  have  been  inspected  and  the 
diseased  animals  rejected.  The  fresh  meats,  such  as  beef, 

veal,  pork,  lamb,  and  mut- 
ton, are  again  examined  in 
the  packing  house  by  in- 
spectors of  the  Canadian 
Department  of  Agriculture 
(Figure  107).  The  meats 
that  pass  inspection  are 
then  placed  in  cold  storage; 
or  they  may  be  shipped  in 
refrigerator  cars  to  other 
markets,  preserved  by 
smoking,  drying,  or  “cur- 
ing,” or  made  into  many 
kinds  of  canned  meat  pro- 
ducts. To  a lesser  extent 
fish,  chickens,  ducks,  geese, 
and  turkeys  furnish  us  with 
food  materials. 

Few  meals  would  be  com- 
plete without  one  or  more 
animal  products  such  as  cream,  milk,  butter,  cheese,  and  eggs. 
They  have  a very  high  food  value  and  are  therefore  economical 
foods.  Tremendous  quantities  of  them  are  produced  and  used 
each  year.  For  example,  the  total  production  of  eggs  in  the 
Dominion  for  one  year  would  build  a wall  of  eggs  about  two 
feet  high  and  one  egg  thick  from  Halifax  to  Vancouver. 
Canada  produces  enough  milk  each  year  to  fill  to  a depth  of 
ten  feet  a lake  a mile  long  and  nearly  a mile  wide. 


Fig.  107.  All  meat  must  be  examined 
and  stamped  by  government  inspectors 
before  it  can  be  sold.  In  this  way  you 
are  protected  from  certain  diseases. 


Suggested  Activities.  1.  Make  a list  of  the  kinds  of  meat 
which  you  eat.  After  each,  state  the  animal  from  which  it  comes 
and  the  part  of  the  animal  used.  Inquire  at  home  and  at  the  meat 
market.  If  you  can  do  so,  obtain  from  your  meat  market  charts 
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which  show  the  various  cuts  of  meat  obtained  from  different  animals. 
Use  the  following  form,  and  make  up  a title  for  the  table. 


Food 

Animal 

Part  of  Animal 

Ham 

Etc. 

Hog 

Hind-quarter 

2.  Copy  Table  2,  page  142,  and  add  twenty  other  plants  or  their 
products,  placing  each  in  the  proper  column. 


How  is  our  food  supply 
manufactured?  Although  we 
eat  food  in  many  different 
forms,  and  although  there 
are  in  our  country  hundreds 
of  factories  engaged  in  the 
work  of  preparing  food  for 
our  tables,  yet  we  must  go 
to  the  green  plant  if  we  are 
to  discover  the  source  of  the 
food  supply  of  the  world. 
Green  plants  are  really  the 
food  factories  of  the  world. 


Upper  surface  of  leaf 


^-Epidermis 

Palisa 
layer 

Chloroplasts 


Epidermis 

Stomates 


Lower  surrace  of  leaf 


They  are  the  only  living 
things  that  are  able  to  manu- 
facture food  materials  from 
the  soil,  the  water,  and  the 
air.  Now  let  us  see  how  the 
plant  “food  factory”  works. 

Water  and  the  minerals 


Fig.  108.  The  world’s  greatest  fac- 
tory— the  green  leaf.  This  is  what  a 
cross-section  of  a leaf  looks  like 
when  placed  under  a high-powered 
microscope.  The  epidermis  and 
palisade  layers  prevent  the  leaf  from 
drying  up.  The  small  round  dots 
scattered  through  the  leaf  are  small 
bodies  containing  chlorophyll,  which 
gives  the  leaf  a green  color. 


dissolved  in  it  enter  the  plant 
through  the  thread-like  root  hairs,  and  are  transported  through 
the  roots  and  the  stem  to  the  plant  leaves  (Figure  110). 
Air,  containing  oxygen  and  carbon  dioxide,  enters  the  leaves 
through  thousands  of  tiny  openings  (stomates)  in  the  leaf  cover- 
ing (Figure  108).  These  are  the  raw  materials — carbon 
dioxide,  water,  and  minerals — which  the  plant  factory  uses  for 
the  manufacture  of  food. 
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We  have  just  read  that  air  enters  the  leaves  through  the 
stomates.  Now  let  us  see  how  the  plant  gets  materials  from 
the  soil.  Examine  Figure  110  and  notice  how  the  root  hairs 
extend  out  from  the  root  between  the  particles  of  soil.  These 
root  hairs  are  fine,  tube-like  extensions  of  cells  of  the  root, 
and  they  are  filled  with  a thick  liquid  called  cell  sap.  The 
water  and  dissolved  minerals  which 
the  plant  needs  in  the  manufacture 
of  food  must  pass  from  the  soil 
through  the  walls  of  the  root  hairs. 
Let  us  see  by  an  experiment  how 
this  can  happen. 

Experiment  21.  How  can  soil  water 
pass  through  the  walls  of  the  root 
hairs?  Break  the  shell  away  from  the 
large  end  of  an  egg,  but  do  not  break 
through  the  membrane  just  beneath. 
Now  punch  a small  hole  in  the  other 
end  of  the  egg  and  shake  the  white  and 
yolk  out.  Fill  the  egg  with  a mixture  of 
half  water  and  half  molasses.  With  seal- 
ing wax  fasten  a glass  tube  to  the  egg 
over  the  hole  you  made,  and  suspend 
the  egg  in  water,  as  shown  in  Figure 
109.  At  the  end  of  two  or  three  days 
notice  what  has  happened. 

Note.  If  you  have  a thistle  tube,  a somewhat  easier  apparatus 
may  be  set  up  by  using  a pig  bladder,  as  shown  in  Figure  109. 

In  this  experiment  the  egg  membrane  represents  the  wall  of 
the  root  hair,  the  molasses  water  represents  the  cell  sap,  and 
the  water,  the  soil  water.  You  saw  that  the  molasses  water 
rose  in  the  tube.  Therefore,  something  must  have  happened 
to  increase  its  volume.  This  is  exactly  what  took  place.  The 
thinner  pure  water  passed  through  the  membrane  into  the  egg. 
Some  of  the  molasses  water  also  passed  out,  but  much  more 
slowly  than  the  pure  water  passed  in.  Thus  you  see  that  when 
two  liquids  of  different  densities  are  separated  by  a membrane. 


Fig.  109.  Apparatus  for  Ex- 
periment 21.  In  the  upper 
left-hand  corner  is  shown  the 
thistle-tube  and  pig-bladder 
arrangement. 


FOOD 

COMES 

DOWN 


Fig.  110.  Transportation  of  food  and  water  through  the  plant.  In  the 
lower  right  corner  is  a diagram  showing  the  root  and  root  hairs  through 
which  the  water  and  minerals  enter  the  plant.  In  the  upper  right-hand 
corner  is  a cross-section  of  the  stem  highly  magnified. 
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they  both  will  pass  through  it.  However,  the  thinner  liquid  will 
pass  through  much  more  rapidly  than  the  thicker  liquid.  This 
is  known  as  the  process  of  osmosis,  and  it  explains  how  the 
plant  gets  its  food  materials  from  the  soil.  Through  the 
walls  of  its  millions  of  tiny  root  hairs,  the  plant  is  constantly 
receiving  water  and  the  dissolved  minerals  in  it. 

Suggested  Activity.  Another  interesting  way  to  show  osmosis 
is  as  follows:  Place  an  egg  in  a glass  jar.  Pour  in  some  hydrochloric 
acid  that  has  been  diluted  with  water.  The  egg  must  be  com- 
pletely covered.  In  from  ten  to  twenty  minutes  the  acid  will  have 
dissolved  the  hard  egg  shell,  leaving  only  the  membrane.  Then 
pour  out  the  acid  solution,  fill  the  jar  with  water,  and  cover  it,  to 
prevent  evaporation.  In  about  half  an  hour  you  should  begin  to 
notice  certain  things  taking  place.  If  you  cannot  do  this  experiment, 
tell  what  you  think  happens  and  explain  it. 

We  have  now  seen  how  the  plant  obtains,  through  its  leaves 
and  its  roots,  the  raw  materials  for  the  manufacture  of  food. 
From  the  roots  the  materials  pass  upward  to  the  leaves,  where 
the  wonderful  process  of  food  manufacture  takes  place.  Scat- 
tered through  the  leaf  is  a green  substance  called  chlorophyll, 
contained  in  small  bodies  called  chloroplasts.  It  is  these 
chloroplasts  with  their  chlorophyll  which  really  carry  on  the 
work  of  food-making.  They  are  able  to  use  the  energy  from 
the  sun’s  rays  to  change  the  water  and  the  carbon  dioxide 
into  the  food  material  sugar.  This  process  of  food  manufac- 
ture in  plants  is  called  photosynthesis,  which  means  “putting 
together  by  means  of  light.” 

Even  after  years  of  study  and  experimentation  by  scien- 
tists, we  only  partly  understand  how  the  green  leaf  is  able 
to  take  minerals  and  water  from  the  soil,  carbon  dioxide  from 
the  air,  and  combine  them  into  food  materials.  Certain  facts, 
however,  we  do  know.  In  this  process  of  photosynthesis  some 
of  the  energy  from  the  sun’s  rays  is  stored  as  chemical  energy 
in  the  sugar  that  is  made.  It  is  this  chemical  energy  which 
is  the  source  of  the  energy  produced  when  the  food  is  oxidized 
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in  the  body.  Thus,  if  we  go  back  far  enough,  we  see  that  the 
source  of  energy  of  living  things  is  really  the  sun. 

Three  other  food  materials  that  are  manufactured  by  green 
plants  are  starch,  proteins,  scad  fats.  Just  how  plants  manu- 
facture  these  food  materials  from  carbon  dioxide,  water,  and 
minerals  is  not  known.  It  is  thought  that  sugar  is  first 
formed,  and  that  this  may  be  later  changed  into  starch. 
These  two  materials,  sugar  and  starch,  are  known  as  carbo- 
hydrates. Proteins  and  fats  are  manufactured  by  the  plant 
from  the  carbohydrates.  Just  how  the  plant  manufactures 
them  is  not  known.  In  Problem  3 you  will  learn  more  about 
the  nature  of  these  classes  of  foods  and  the  purposes  they 
serve  in  keeping  the  human  machine  working. 

The  presence  of  starch  in  the  leaves  of  green  plants  can  be 
easily  demonstrated. 

Experiment  22.  How  can  we  show  that  leaves  manufacture 
starch?  (a)  Place  a very  small  piece  of  starch  in  a test  tube  one- 
fourth  full  of  water.  Heat  the  mixture  to  boiling,  and  then  allow 
it  to  cool.  Add  three  or  four  drops  of  iodine  solution.  Note  that 
the  solution  turns  blue.  This  is  the  test  for  starch. 

(&)  Secure  leaves  from  some  nasturtium,  bean,  or  other  plants 
which  have  stood  in  the  direct  sunlight  for  several  hours.  Place 
them  in  hot  water  for  several  minutes,  and  then  boil  them  in  alcohol 
until  the  chlorophyll  is  dissolved.  Place  the  leaves  on  a glass  plate 
and  add  several  drops  of  iodine  solution.  Hold  a leaf  up  to  the 
light.  Is  starch  present? 

The  newly  manufactured  materials  in  the  plant  are  car- 
ried to  all  its  parts  by  the  sap,  which  circulates  through  the 
plant  in  much  the  same  way  that  the  blood  circulates  in  your 
body. 

Experiment  23.  How  does  the  sap  travel  through  a plant? 

Obtain  several  living  shoots  of  such  plants  as  corn,  celery,  parsnip. 
Place  the  cut  ends  in  a solution  of  eosin  or  red  ink.  Allow  them 
to  stand  for  twenty-four  hours,  and  then  cut  across  the  stem  at 
various  points  and  observe  the  freshly  cut  cross-section.  Also 
observe  the  leaves.  Does  the  sap  travel  through  the  plant  in  definite 
channels? 


PROVIDING  A GOOD  FOOD  SUPPLY 


149 


This  circulation  of  sap  makes  it  possible  for  every  part  of 
the  plant  to  grow.  Some  of  the  materials  which  are  not  im- 
mediately used  for  growth  are  stored  in  the  various  parts  of 
the  plant.  Certain 
of  these  stored  ma- 
terials furnish  the 
food  for  animals  and 
man ; others  are  used 
by  the  plant  in  grow- 
ing. Since  animals 
cannot  combine  the 
raw  products  fr.om 
the  soil  and  air  as 
the  green  plants  do, 
they  must  eat  plants 
and  change  them  in- 
to bone,  hair,  teeth, 
skin,  muscle,  and 
other  parts  of  the 
body.  Thus  we  see 
that  all  of  our  food 
supply  comes,  either 
directly  or  indirect- 
ly, from  green  plants.  They  are  the  world’s  food  factories. 

It  is  also  interesting  to  note  that  when  the  plants  and  ani- 
mals die  and  decay,  the  materials  of  which  they  are  composed 
pass  back  again  into  the  soil  and  the  air  and  furnish  raw 
materials  for  other  growing  plants. 

Self-testing  exercise  3.  Write  a paragraph  in  which  you  show 
why  the  green  leaf  may  properly  be  called  a manufacturing  plant. 

Self-testing  exercise  4.  Examine  Figure  111,  which  shows  how 
plants,  animals,  and  man  depend  upon  each  other  and  upon  the 
soil,  water,  and  air.  Under  the  title  “Facts  from  Figure  111,”  state 
as  many  facts  as  you  find  represented  in  the  diagram.  Thus: 

(а)  Plants  furnish  food  to  animals. 

(б)  Plants  furnish  food  to  man. 

(c)  Plants  give  oxygen  to  the  air,  etc. 


FOOD 


shows  how  the  food  supply  of  living  things  is 
related  to  the  sun,  the  soil,  the  air,  and  water. 
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Problem  3:  What  Kinds  of  Food  Should  You  Eat? 

Study  Suggestion.  The  selection  of  the  kinds  and  quantity  of 
food  necessary  to  enable  the  body  to  carry  on  its  work  at  its  highest 
efficiency  is  a very  difficult  task.  In  the  pages  which  follow  you 
will  discover  the  factors  which  determine  what  one’s  diet  should 
be.  In  order  that  these  factors  may  be  of  value  to  you,  you  must 
understand  what  they  are  and  how  they  influence  your  own  daily 
diet.  When  you  have  finished  your  study,  you  should  be  able  to 
criticize  your  own  diet  and  to  suggest  methods  of  improving  it. 

What  purposes  do  the  different  classes  of  foods  serve  in 
the  body?  Before  you  can  understand  how  the  different 
food  materials  are  used,  it  is  necessary  to  know  something 
about  the  composition  of  the  human  body.  For  many  years 
chemists  have  been  analyzing  the  different  materials  which 
are  present  in  our  world.  Up  to  this  time  they  have  dis- 
covered ninety-two  simple  materials,  or  elements.  They  are 
called  elements  because  they  have  never  been  separated  into 
simpler  materials.  No  matter  how  fine  they  are  crushed  or 
how  high  the  temperature  to  which  they  are  heated,  they  still 
cannot  be  separated  into  simpler  materials.  Compounds,  on 
the  other  hand,  can  be  separated  into  simpler  substances. 
Sugar  is  a compound  made  up  of  the  elements  carbon,  hydro- 
gen, and  oxygen.  Heat  sugar  to  a high  enough  temperature, 
and  it  is  no  longer  sugar.  Iron  is  an  element;  so  also  are 
copper,  silver,  gold,  lead?  and  sulphur. 

Everything  in  the  world,  living  and  non-living,  is  composed 
of  elements.  Protoplasm,  which  looks  very  much  like  the 
white  of  a raw  egg,  is  composed  of  several  elements.  The 
principal  ones  necessary  to  build  protoplasm  are  carbon, 
hydrogen,  oxygen,  nitrogen,  and  sulphur.  In  addition  to  these 
elements,  calcium  and  phosphorus  are  necessary  for  the  bones 
of  the  body  and  for  the  teeth.  Therefore,  the  foods  eaten 
must  contain  these  elements. 

You  have  already  learned  that  three  classes  of  foods  are 
known:  carbohydrates,  fats,  and  proteins.  The  basis  for 
this  classification  is  the  chemical  composition  of  the  foods. 
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that  is,  the  kinds  and  proportions  of  the  elements  of  which 
they  are  composed.  The  carbohydrates,  which  include  starch 
and  sugar,  are  composed  of  three  elements:  carbon,  hydro- 
gen, and  oxygen.  The  fats,  such  as  butter,  cream,  and  the 
fat  of  meats,  are  composed  of  the  same  elements  as  the 
carbohydrates,  but  the  proportion  of  the  various  elements  is 
different.  Proteins,  such  as  lean  meat, 
contain  nitrogen,  sulphur,  and  phos- 
phorus in  addition  to  carbon,  hydro- 
gen, and  oxygen.  Each  class  of  food 
serves  a definite  purpose  in  the  body. 

Protein  is  the  only  class  of  food  which 
contains  all  of  the  elements  necessary 
for  the  building  of  protoplasm.  Some 
protein  must,  therefore,  be  included  in 
one’s  meals  to  supply  materials  for  the 
repair  of  worn-out  protoplasm  and  for 
the  growth  of  cells.  Proteins  may  also 
be  used  as  sources  of  energy. 

Carbohydrates  and  fats  supply  most 
of  the  energy  requirements  of  the  body. 

For  this  reason  they  are  usually  known 
as  fuel  foods.  Both  carbohydrates  and 
fats  may  be  stored  in  the  body  as  a 
reserve  against  future  need.  These  re- 
serves are  used  when  especially  large  demands  are  made  upon 
the  body  for  energy,  and  in  times  of  sickness  when  little 
or  no  food  may  be  eaten.  In  addition  to  these  uses,  car- 
bohydrates are  believed  to  assist  in  the  digestion  of  fats,  and 
fats  are  believed  to  be  necessary  to  maintain  the  proper 
chemical  conditions  in  the  intestines. 

For  a long  time  it  was  believed  that  the  three  classes  of 
foods  just  described  supplied  all  of  the  needs  of  the  body. 
Experimentation  has  shown,  however,  that  such  is  not  the 
case.  The  hard  parts  of  the  body,  that  is,  the  teeth  and 
bones,  contain  large  amounts  of  the  elements  calcium  and 
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Fig.  112.  The  percent- 
age of  the  important 
elements  in  protoplasm. 
These  elements  make  up 
the  materials  of  your 
body.  They  are  con- 
tained in  the  water  that 
you  drink  and  the  food 
that  you  eat. 
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phosphorus.  Many  of  the  body  activities,  such  as  the  manu- 
facture of  certain  juices  that  digest  our  food,  the  regulation 

of  the  heartbeat,  and  growth  de- 
mand certain  minerals.  The  min- 
erals absolutely  essential  for  life 
contain  calcium,  potassium,  phos- 
phorus, sodium,  sulphur,  magne- 
sium, iron,  chlorine,  and  iodine. 
As  we  shall  see  later,  these  minerals 
are  present  in  the  majority  of  our 
common  foods. 

Certain  substances,  called  vita- 
mins, are  also  necessary  to  carry 
on  the  body  activities.  Several 
kinds  of  these  substances  are 
known,  all  of  which  are  required 
to  keep  the  body  growing  and 
in  good  health.  To  distinguish  the 
vitamins  from  one  another,  each 
one  is  indicated  by  a letter,  such 
as  vitamin  A,  vitamin  B,  etc. 
The  absence  of  the  proper  vita- 
mins in  food  results  in  certain 
diseases,  such  as  rickets,  in  which 
the  bones  do  not  develop  properly,  and  scurvy,  which  destroys 
the  tiny  blood  vessels  in  the  body.  Many  of  these  vitamins  are 
destroyed  by  heat ; hence  it  is  important  that  the  foods  which 
contain  them  be  eaten  raw. 

Another  material,  without  which  life  would  be  impossible, 
is  water.  Although  it  does  not  oxidize  to  produce  heat  and 
energy,  it  does  serve  many  purposes.  First,  it  contains  certain 
minerals  which  the  body  needs.  Second,  it  helps  digest  the  food. 
Third,  by  providing  the  fluid  part  of  the  blood  it  makes  it 
possible  for  digested  food  and  blood  to  be  carried  to  all  parts 
of  the  body.  Fourth,  by  means  of  the  urine  and  perspiration, 
it  carries  the  waste  products  from  the  body;  and  fifth,  it 


Fig.  113.  These  two  white 
rats  were  originally  the  same 
size.  One  of  them  (at  the 
right)  was  fed  on  food  that 
lacked  protein.  Its  growth  was 
hindered.  (Cornell  Animal 
Nutrition  Laboratory.) 
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k^eps  waste  products  of  the  bowels  moist,  so  that  they  can  be 
removed.  If  we  define  a food  as  any  material  which  is  nec- 
essary for  the  proper  working  of  the  body  under  usual  con- 
ditions, it  is  evident  that  water  must  be  classified  as  a food. 

How  is  the  food  value 
of  a material  determined? 

Since  the  different  classes 
of  food  serve  different  pur- 
poses in  the  body,  it  is  evi- 
dent that  an  individual 
must  know  the  composition 
of  the  common  foods  if  he 
is  to  be  able  to  select  a proper 
diet.  It  has  therefore  been 
necessary  for  the  chemist  to 
devise  tests  which  can  be  used  to  show  the  presence  of  the 
different  classes  of  food  materials. 

Experiment  24.  How  can  the  food  materials  in  food  be  de- 
termined? (1)  Starch,  (a)  Cut  a thin  slice  of  potato.  Place  it  in 
water  and  scrape  it  with- a knife.  Remove  the  potato  slice  and  boil 
the  scrapings  and  water.  Allow  the  liquid  to  cool,  and  test  for 
starch  with  a few  drops  of  iodine  solution.  (Tincture  of  iodine,  which 
can  be  obtained  at  a drug  store,  may  be  used.)  Result? 

(6)  Other  materials,  such  as  beans,  peas,  oatmeal,  rice,  crackers, 
and  bread,  can  also  be  tested  for  starch.  Make  a paste  of  the  ma- 
terial by  grinding  it  in  a little  cold  water.  Then  add  hot  water, 
mix  thoroughly,  and  allow  to  cool.  Test  the  mixture  with  iodine. 
Record  whether  or  not  starch  is  present. 

(2)  Sugar,  (o)  Grind  some  raisins  and  add  a little  water.  Allow" 
the  solid  materials  to  settle,  and  then  pour  off  the  liquid  into  a test 
tube.  Add  about  one  cubic  centimetre  (1  cc.)  of  Fehling’s  solu- 
tion to  the  liquid,  and  boil.  A yellow-red  color  shows  the  presence 
of  grape  sugar. 

{h)  Test  other  foods  as  directed  in  (a),  and  record  your  results. 

(3)  Protein,  (a)  Place  a small  portion  of  the  white  of  an  egg  in 
a test  tube  and  add  a little  water.  Then  add  5 cc.  of  nitric  acid 
and  heat  gradually  to  boiling.  Allow  the  solution  to  cool,  pour  off 
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the  acid,  and  add  10  cc.  of  ammonium  hydroxide  to  the  egg  white 
left  in  the  tube.  A deep  orange  color  shows  the  presence  of  protein. 

{b)  Test  other  materials,  such  as  meat,  flour,  beans,  and  bread, 
and  record  your  results. 

(4)  Fat.  (a)  Rub  a small  piece  of  lard  or  butter  on  a sheet  of 
glazed  paper.  Hold  the  paper  over  a flame  until  the  lard  or  butter 
melts,  and  then  hold  the  paper  up  to  the  light.  The  spot  made  by 
the  butter  becomes  translucent;  that  is,  it  allows  light  to  pass  through 
the  paper. 

(&)  Test  peanuts  for  fat  by  crushing  them  in  a mortar  and  then 
rubbing  the  powder  on  thin  paper. 

(c)  Test  other  materials  for  fat.  (Unless  fat  is  present  in  large 
quantities,  it  is  very  difficult  to  detect  it  by  these  methods.) 

(5)  Minerals,  (a)  Obtain  a small  piece  of  bread  and  heat  it  at  a 
high  temperature  until  all  materials  which  will  burn  have  dis- 
appeared. The  remaining  material,  ashes,  is  composed  of  minerals. 

(6)  Heat  a beaker  or  dish  of  water  until  the  water  is  completely 
evaporated.  Note  the  white  solid  material  left  on  the  sides  of  the 
beaker.  These  are  minerals. 

(c)  Test  other  food  materials  for  minerals  as  directed  in  (a). 

(6)  Summary  of  results.  Go  over  all  the  results  obtained  in 
this  experiment  and  rewrite  them  in  a table  as  follows: 


Tests  for  Common  Foods 


Food 

Starch 

Sugar 

Protein 

Fat 

Potato 

+ 

Place  a plus  sign  (+)  in  the  proper  column  to  the  right  of  the 
food  if  your  tests  show  that  starch,  sugar,  protein,  or  fat  is  present. 
If  the  test  does  not  show  the  presence  of  starch,  sugar,  protein,  or 
fat,  place  a minus  sign  ( — ) in  the  proper  column. 

The  method  which  you  used  to  determine  the  presence  of 
food  materials  in  different  foods  is,  of  course,  very  crude  as 
compared  with  the  kind  of  analysis  which  a chemist  makes. 
The  chemist  not  only  uses  more  delicate  tests,  but  he  is  also 
able  to  determine  the  exact  amount  of  each  class  of  food 
material  present.  Data  of  this  sort  are  available  for  every 
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common  food.  It  is  thus  possible  to  select  foods  which  are 
rich  in  carbohydrates,  fats,  or  proteins. 

In  addition  to  a knowledge  of  the  composition  of  a given 
food,  one  must  also  know  the  value  of  the  food  in  terms  of 
the  quantity  of  energy  that  a given  amount  will  furnish.  As 
you  know,  the  body  requires  a certain  quantity  of  energy  to 
carry  on  its  activities.  It  follows,  therefore,  that  one  must 
take  in  each  day  a quantity  of  food  sufficient  to  meet  this 
requirement.  This  raises  the  question,  “How  can  one  tell 
the  amount  of  food  which  one  must  eat?”  Of  course,  one 
guide  to  eating  is  the  appetite.  We  become  hungry,  and  our 
appetite  tells  us  when  we  have  eaten  enough.  Our  appetite, 
however,  is  not  always  a safe  guide  to  follow. 

It  is  possible,  by  the  use  of  a rather  complex  type  of  ap- 
paratus, to  determine  the  exact  amount  of  energy  needed  by 
the  body.  It  is  also  possible  to  determine  the  quantity  of 
energy  supplied  by  different  foods.  If  we  know  how  much 
energy  is  required  by  the  body,  and  how  much  energy  is 
produced  from  certain  foods,  we  can  tell  how  much  food  must 
be  taken  in  by  the  body. 

The  amount  of  energy  furnished  by  a food  is  known  as  its 
fuel  value.  This  is  measured  in  calories,  one  calorie  being  the 
quantity  of  heat  necessary  to  raise  the  temperature  of  one 
kilogram  (1000  grams)  of  water  one  degree  centigrade.  (1 
kilogram  is  equal  to  the  weight  of  approximately  1 quart  of 
water,  or  2.2  pounds.)  Or  it  may  be  defined  as  the  quantity 
of  heat  required  to  raise  the  temperature  of  one  pound  of 
water  about  four  degrees  Fahrenheit.  By  careful  experi- 
menting it  has  been  found  that  one  gram  of  each  of  the  fol- 
lowing kinds  of  food  produces,  when  burned  or  oxidized  in 
the  body,  the  number  of  calories  shown: 

1 gram  of  protein  produces  4.1  calories. 

1 gram  of  carbohydrate  produces  4.1  calories. 

1 gram  of  fat  produces  9.1  calories. 

The  approximate  amount  of  food  required  to  supply  100 
calories  of  heat  is  shown  in  Table  3,  on  the  next  page. 
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TABLE  3.  Approximate  Quantity  of  Food  Required  to  Supply 
100  Calories  of  Heat* 


Name  of  Food 

Portion  Supplying  100 
Calories  of  Heat 
(Approximate) 

Weight 

OF  Food 
(Ounces) 

(a)  cooked  meats 

Beef,  round,  boiled 

Small  serving 

1.6 

Beef,  fifth  rib,  roasted 

Small  serving 

1.2 

Lamb,  leg,  roasted 

Ordinary  serving 

1.8 

Pork,  ham,  boiled 

Ordinary  serving 

1.1 

Veal,  leg,  boiled 

Large  serving 

2.4 

(b)  uncooked  meats,  edible  portion 

Chicken 

Large  serving 

3.2 

Goose 

Half  serving 

.88 

Pork,  loin 

Very  small  serving 

.97 

Trout 

Two  small  servings 

3.6 

(c)  vegetables 

Asparagus,  cooked 

Very  large  serving 

7.19 

Beans,  baked 

Small  side  dish 

2.66 

Beans,  string 

Five  servings 

16.66 

Cabbage,  fresh  

Three  servings 

11.0 

Corn,  sweet 

One  side  dish 

3.5 

Onions,  cooked 

Two  large  servings 

8.4 

Peas,  canned 

Two  servings 

6.3 

Potatoes,  baked 

One  good-sized  serving 

3.05 

Tomatoes,  fresh 

Four  average  servings 

15.0 

(d)  fruits 

Apples,  raw 

Two  apples 

7.3 

Bananas 

One  large 

3.5 

Cantaloupe 

Half  ordinary  serving 

8.6 

Cherries,  fresh 

4.4 

Grapes 

4.8 

Grapefruit 

7.57 

Olives,  ripe 

About  seven 

1.31 

Oranges 

One  very  large 

9.4 

Peaches 

Three  ordinary 

10.0 

Pears 

One  large 

5.40 

Strawberries 

Two  servings 

9.10 

(e)  dairy  products 

Butter 

One  pat 

.44 

Buttermilk 

One  and  one-half  glasses 

9.7 

Cheese,  full  cream 

One  and  one-half  cu.  in. 

.82 

Cream 

One-quarter  ordinary  glass 

1.7 

Milk,  whole 

Small  glass 

4.9 

•Data  compiled  by  Dr.  Irving  Fisher,  Yale  University. 
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TABLE  3.  Quantity  of  Food  Required  to  Supply 
100  Calories  of  Heat — Continued 


Name  of  Food 

Portion  Supplying  100 
Calories  of  Heat 
(Approximate) 

Weight 

OF  Food 
(Ounces) 

(f)  cakes,  desserts,  sweets 

Cake,  chocolate  layer 

One-half  ordinary  piece 

.98 

Custard,  milk 

Ordinary  cup 

4.29 

Doughnuts 

Half  a doughnut 

.8 

Pie,  apple 

One-third  piece 

1.3 

Pie,  cream 

One-quarter  piece 

1.1 

Pudding,  brown  betty 

Half  ordinary  serving 

2.0 

Sugar,  granulated 

Three  teaspoons  or  one 
and  one-half  lumps 

.86 

(g)  nuts 

Almonds 

Eight  to  fifteen 

.53 

Brazil  nuts 

Three  ordinary  size 

.49 

Filberts 

Ten  nuts 

.48 

Peanuts 

Thirteen,  double 

.62 

Walnuts 

About  six 

.48 

(h)  cereals 

Bread,  corn 

Small  square 

1.3 

Bread,  white 

Ordinary  thick  slice 

1.3 

Corn  flakes 

Ordinary  cereal  dish 

.97 

Crackers,  graham 

Two 

.82 

Oatmeal,  boiled 

One  and  one-half  servings 

5.6 

Rice,  boiled 

Ordinary  cereal  dish 

3.1 

Shredded  wheat 

One  biscuit 

.94 

(l)  MISCELLANEOUS 

Eggs,  hen,  boiled 

One  large  egg 

2.1 

Soup,  bean 

Very  large  dish 

5.4 

Chocolate,  bitter 

Half  square 

.56 

Suggested  Activity.  Keep  a record  of  what  you  eat  for  a 
period  of  one  week.  Determine  as  nearly  as  you  can  the  fuel  value 
of  the  food  you  eat  each  day. 

The  composition  and  fuel  value  of  some  of  our  common 
foods  are  shown  in  Table  4.  If  you  will  make  a list  of  the 
kinds  of  food  which  you  commonly  eat,  and  then  turn  to 
this  data,  you  can  get  a fairly  good  idea  of  the  proportions  of 
fats,  carbohydrates,  and  proteins  in  your  diet. 
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TABLE  4.  Fuel  Value  and  Composition  of  Common  Foods 


Per- 

cent- 

age 

Compo- 

sition 

Kinds  of  Food  Materials 

FATS 

CARBO- 

HYDRATES 

PROTEIN 

WATER 

Over 

50% 

*Butter  (3515)t 
Salt  Pork 
(3510) 

Oatmeal 

Bread,  white 
Rice 

Peas 

Beans 

Sugar 

Pork,  shoulder 
Eggs 

Salmon 

Milk 

Potatoes 

Apples 

Chicken 

Be- 

tween 

25% 

and 

50% 

*Beef,  rib 
(1790) 

*Mutton,  loin 
(1755) 

Pork,  shoulder 
(1680) 

Sausage,  pork 
(2065) 

^Cheese  (2070) 

Peanuts 

Cheese 

Peanuts 

Peas 

Beef,  rib 
Mutton,  loin 
Sausage,  pork 
Cheese 

Bread,  white 

Be- 
tween 
2%  and 
25% 

*Eggs  (721) 
*Salmon  (965) 
*Oatnieal  (1850) 
*Peanuts  (2560) 
♦Beans  (1615) 
♦Milk  (325) 

Milk 

Potatoes 

Apples 

Beef,  rib 
Mutton,  loin 
Pork,  shoulder 
Sausage,  pork 
Eggs 

Salmon 

Chicken 

Oatmeal 

Bread,  white 
Rice 

Beans 

Milk 

Butter 

Oatmeal 

Peanuts 

Rice 

Peas 

Beans 

Sugar 

Under 

2% 

♦Bread,  white 
(1280) 

Rice  (1630) 
Chicken  (540) 
♦Peas  (1565) 
Sugar  (1820) 
♦Potatoes  (375) 
♦Apples  (315) 

Butter 

Salt  Pork 

Beef,  rib 
Mutton,  loin 
Pork,  shoulder 
Sausage,  pork 
Cheese 

Eggs 

Salmon 

Chicken 

Butter 

Salt  Pork 

Sugar 

Potatoes 

Apples 

* Vitamins  are  present  in  considerable  quantity. 

t Numbers  after  foods  in  first  column  indicate  number  of  calories  to  the  pound. 
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What  factors  must  be  considered  in  selecting  food?  The 

selection  of  the  proper  kind  and  amount  of  food  is  a rather 
difficult  task.  In  fact,  it  is  almost  impossible  to  lay  down  a 
general  set  of  rules  for  diet  which  will  meet  the  needs  of  every 
individual.  Why  this  is  true  will  be  considered  in  the  next  few 
paragraphs. 

To  some  extent  the  climate  of  a region  not  only  governs 
the  kinds  of  food  which  are  available,  but  it  also  determines 
the  kinds  of  food  man  should  eat.  In  the  frigid  Arctic  re- 
gions, for  example,  the  food  supply  consists  largely  of  animal 
foods,  for  few  plants  grow  in  very  cold  climates.  Moreover, 
the  temperature  .of  the  air  is  much  lower  than  that  of  the 
body,  and  the  body  loses  a great  deal  of  heat.  This  makes 
it  necessary  to  eat  foods  which  will  produce  a large  amount 
of  heat  (see  Table  3),  and  explains  why  fatty  foods  are  used 
in  great  quantity  by  inhabitants  of  Arctic  regions. 

In  warm  climates,  like  the  tropics,  many  plant  foods  are 
to  be  had,  and  the  body  needs  little  heat-producing  food. 
Therefore  few  fatty  foods  are  eaten  there.  The  climate  of 
our  own  country  makes  possible  an  abundant  supply  of  both 
plants  and  animals.  Since  the  climate  varies  with  the  season 
of  the  year,  it  is  necessary  to  select  the  proper  amount  of 
heat-producing  foods  during  the  different  seasons.  Thus  you 
eat  more  foods  containing  carbohydrates  and  fats  in  the  win- 
ter than  in  the  summer.  Throughout  the  year  in  any  climate 
you  need,  of  course,  the  other  kinds  of  food  for  the  growth 
and  repair  of  the  human  machine. 

Age  is  also  an  important  factor  in  selecting  food.  Young 
people  who  are  growing  rapidly  require  a larger  amount  of 
food  in  proportion  to  their  weight  than  older  people.  The 
former  need  to  build  many  new  cells  in  growing,  while  the 
latter  need  only  to  repair  the  torn-down  cells.  Also,  younger 
people  are  usually  more  active  and  therefore  require  more 
energy-producing  food.  Probably  you  have  often  been  re- 
minded of  the  fact  that  you  eat  more  food  than  do  older 
members  of  your  family.  This  is  reasonable  at  a certain  age. 
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Fig.  115.  Here  is  a good  breakfast  for  a growing  boy  or  girl.  It  consists 
of  oatmeal,  cocoa,  toast  and  butter,  milk,  and  baked  apple.  How  does  it 
compare  with  your  breakfast? 


You  should  not,  however,  overeat  just  to  satisfy  your  ap- 
petite, for  your  appetite  is  not  always  a safe  index  of  the 
amount  of  food  which  the  body  should  have.  You  may  leave 
the  table  hungry  and  still  have  eaten  all  your  body  requires. 

The  amount  of  food  which  you  require  depends  also  on 
your  size,  that  is,  your  height  and  weight.  Table  5 shows  the 
normal  weights  for  boys  and  girls  of  different  ages  and  dif- 
ferent heights.  Examine  the  table  and  compare  your  weight 
with  that  given  for  your  age  and  height.  If  your  weight  is 
only  a few  pounds  above  or  below  the  figure  given  for  your 
age  and  height,  it  is  not  a serious  matter.  But  if  you  are 
more  than  fifteen  pounds  underweight,  your  diet  should  be 
improved.  On  the  other  hand,  considerable  overweight  may 
mean  that  you  are  too  fat.  This  should  lead  you  to  exercise 
more,  and  eat  less  of  those  foods  which  produce  fat,  such 
as  sugar,  fats,  and  starch.  Candy  and  ice-cream  are  two 
such  fat-producing  foods  which  you  should  avoid.  By 
guarding  against  your  appetite  and  by  taking  the  proper 
exercise,  you  may  do  much  to  reduce  your  weight  and  figure 
to  normal.  You  should  have  some  expert,  the  doctor,  the 
nurse,  or  the  home-economics  teacher,  determine  your  diet. 
Some  sample  meals  planned  by  experts  are  shown  in  Figures 
115,  116,  and  117. 


TABLE  5.  Height-Weight-Age  Table* 


Age 

11  YR. 

12  YR. 

13  YR. 

14  YR. 

15  YR. 

16  YR. 

Height 

Inches 

Bt 

Gt 

B 

G 

B 

G 

B 

G 

B 

G 

B 

G 

46 

49 

49 

49 

47 

51 

51 

51 

52 

48 

54 

53 

54 

54 

49 

55 

56 

56 

58 

58 

58 

50 

58 

61 

58 

62 

59 

63 

59 

64 

60 

51 

61 

63 

61 

65 

62 

66 

62 

69 

63 

52 

64 

65 

64 

67 

64 

69 

65 

71 

66 

53 

67 

68 

68 

69 

68 

71 

69 

73 

70 

54 

70 

71. 

71 

71 

71 

73 

72 

75 

73 

55 

73 

74 

74 

75 

74 

77 

74 

78 

76 

79 

77 

56 

77 

78 

77 

79 

78 

81 

78 

83 

80 

86 

81 

89 

57 

81 

82 

81 

82 

82 

84 

83 

88 

83 

92 

84 

96 

58 

84 

86 

85 

86 

85 

88 

86 

93 

87 

96 

88 

101 

59 

88 

90 

89 

90 

89 

92 

90 

96 

90 

100 

90 

103 

60 

92 

95 

92 

95 

93 

97 

94 

101 

95 

105 

96 

108 

61 

95 

99 

96 

100 

97 

101 

99 

105 

100 

108 

103 

112 

62 

100 

104 

101 

105 

102 

106 

103 

109 

104 

113 

107 

115 

63 

105 

108 

106 

no 

107 

no 

108 

112 

no 

116 

113 

117 

64 

108 

112 

109 

114 

111 

115 

113 

117 

115 

119 

117 

120 

65 

112 

116 

114 

118 

117 

120 

118 

121 

120 

122 

122 

123 

66 

115 

117 

122 

119 

124 

122 

124 

125 

125 

128 

128 

67 

126 

124 

128 

128 

130 

130 

131 

134 

133 

68 

130 

131 

134 

133 

134 

135 

137 

136 

69 

134 

137 

135 

139 

137 

143 

138 

70 

136 

143 

136 

144 

138 

145 

140 

71 

, 

138 

148 

138 

150 

140 

151 

142 

72 

153 

155 

73 

157 

160 

74 

160 

164 

* After  tables  by  Bird  T.  Baldwin  and  Thomas  D.  Wood.  Age  is  taken  at  the  nearest 
birthday;  weight  is  taken  at  the  nearest  pound. 

+ B represents  boys.  f G represents  girls. 

In  this  table  the  following  allowances  for  clothing,  except  shoes  and  sweaters,  have 
been  included — Boys:  35-63  pounds,  3.5  per  cent  of  the  net  weight;  64  pounds  or  more, 
4 per  cent  of  the  net  weight.  Girls:  35-63  pounds,  3 per  cent  of  the  net  weight;  64-82 
pounds,  2.5  per  cent  of  the  net  weight;  83  pounds  or  more,  2 per  cent  of  the  net  weight. 
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Fig.  116.  A noon  lunch.  Cream  of  tomato  soup,  milk,  white  bread  and 
butter,  prunes,  and  cookies  will  furnish  enough  calories  for  hard  work  and 
play  in  the  afternoon. 


Fig.  117.  After  a strenuous  afternoon,  a dinner  of  lamb  stew,  potato, 
spinach,  whole-wheat  bread,  butter,  milk,  and  rice  pudding  will  be 
sufficient. 

From  the  preceding  discussion  you  have  seen  that  the 
food  required  by  different  individuals  varies  with  climate, 
age,  and  size.  One  additional  factor  must  be  taken  into 
account  by  everyone,  namely,  the  kinds  of  activities  in  which 
a person  is  engaged.  For  example,  it  is  evident  that  a man 
doing  hard  physical  labor  requires  more  energy  than  one 
who  works  in  an  office.  Some  of  the  standards  of  require- 
ments which  have  been  worked  out  by  scientists  are  shown 
in  Table  6,  on  the  next  page. 
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TABLE  6.  Calories  Required  by  Different  Individuals 


Individual 

Occupation 

Calories 

Required 

PER  Day 

Man 

Moderately  active  muscu- 
lar work 

Light  muscular  work 

Man 

3500 

3150 

Boy  of  15 

3150 

Man 

Sedentary  work 
Moderately  active  work 

2800 

Woman 

2800 

Boy  from  13  to  14 

2800 

Girl  from  15  to  16 

2800 

Woman 

Light  work 

2450 

Boy  12 

2450 

Girl  13  to  14 • 

2450 

Boy  10  to  11 

1800 

Girl  10  to  12 

1800 

Of  course,  these  standards  are  not  to  be  considered  exact 
for  all  people,  but  they  furnish  a guide  by  means  of  which 
we  may  regulate  our  daily  diet. 

Though  you  cannot  measure  with  any  great  accuracy  the 
number  of  calories  you  require,  you  can  see  from  this  study 
that  it  is  sensible  to  think  about  the  fuel  value  of  your  food. 
If  you  will  carry  out  the  Suggested  Activity  on  page  157, 
you  can  determine  the  approximate  food  value  of  the  food 
you  eat.  If  your  weight  is  proportional  to  your  height  and 
age,  as  shown  in  Table  5,  you  are  probably  eating  the  cor- 
rect amount  of  food.  If  your  weight  varies  markedly  from 
the  data  in  the  table,  you  may  discover  by  determining  the 
fuel  value  of  your  daily  diet  that  you  are  eating  too  much  or 
too  little.  Overfeeding  the  body  results  in  a condition  much 
like  giving  a gasoline  engine  a mixture  too  rich  in  gasoline. 
It  reduces  the  power  of  the  machine  and  soon  puts  it  out  of 
running  order.  Undernourishment  is  equally  dangerous.  It 
weakens  the  resistance  of  the  body  to  disease  and  may  pre- 
vent proper  development  of  the  vital  organs. 

Experiments  have  indicated  that  the  diet  should  be  bal- 
anced; that  is,  it  should  contain  a variety  of  food  materials. 
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There  should  be  enough  of  each  kind  of  food  in  the  daily 
menu  to  serve  all  purposes.  This  is  particularly  true  in  the 
city,  where  much  of  the  time  is  spent  in  the  school  or  office, 
and  where  the  proper  amount  of  physical  exercise  is  not 
always  secured.  There  is,  for  example,  always  the  danger  of 
eating  too  much  protein.  It  is  often  the  case  that  boys  and 
girls  eat  so  much  protein  food  at  one  meal  that  their  appe- 
tite is  satisfied,  and  they  take  little  of  fats  and  carbohydrates. 
This  is  undesirable  for  several  reasons:  First,  without  carbo- 
hydrates and  fats  the  protein  food  must  furnish  energy  as 
well  as  repair  materials.  This  is  not  economical,  because  the 
common  protein  foods  are  usually  the  most  expensive. 
Second,  the  protein  foods  are  not  so  easily  digested  as  the 
carbohydrates  and  fats,  and  produce  more  harmful  waste 
materials.  Such  practice,  therefore,  puts  an  extra  strain  on 
the  digestive  apparatus  of  the  body.  Also,  the  kidneys  and 
liver  must  work  overtime  to  free  the  body  from  the  unneces- 
sarily large  amounts  of  waste.  A satisfactory  diet  requires 
that  you  eat  such  foods  as  will  provide  the  correct  propor- 
tion of  fats,  carbohydrates,  proteins,  and  minerals.  In 
addition,  one  must  drink  plenty  of  water. 

And  finally  we  must  consider  the  question  of  the  prepara- 
tion of  food.  As  you  already  know,  heat  destroys  some  of 
the  vitamins.  It  is  therefore  necessary  to  include  uncooked 
fruits  and  vegetables  in  the  daily  diet.  These  are  usually 
appetizing  in  the  natural  state  and  do  not  need  to  be  cooked. 
On  the  other  hand,  a mixture  of  flour,  eggs,  sugar,  and  milk 
is  not  appetizing.  But  when  the  mixture  is  baked  for  a 
short  time  and  becomes  a batch  of  cookies  or  a cake,  the 
result  is  distinctly  pleasing.  Similarly,  you  do  not  enjoy  raw 
meat  or  raw  potatoes,  but  a juicy  roast  and  fluffy  mashed 
potatoes  tempt  one  to  eat.  Thus  many  foods  must  be  cooked 
so  that  they  will  be  appetizing. 

Many  foods  need  to  be  cooked  in  order  to  make  them 
more  digestible.  If  you  examine  under  a microscope  the 
starch  grains  of  a raw  potato,  they  appear  as  in  Figure  118. 
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After  they  are  cooked  in  boiling  water  or  in  the  oven,  they 
change  their  appearance  as  shown  in  Figure  119,  The  cell 
walls  around  the  starch  grains  are  broken  open.  This  allows 
the  saliva  in  the  mouth  to  come  into  more  direct  contact 
with  the  starch  and  to  change 
it  to  sugar,  which  is  one  step 
in  digestion.  Cooking  meat 
softens  the  fibres  and  tissues 
which  hold  it  together.  This 
allows  the  meat  to  be  more 
easily  cut  and  ground  by  the 
teeth  before  it  is  swallowed. 

The  digestive  juices  in  the 
stomach  can  then  act  on  it 
more  easily. 

Experiment  25.  What  effect 
does  cooking  have  upon  foods? 

(a)  Boil  a small  piece  of  potato  in 
water  for  about  fifteen  minutes. 

Compare  the  boiled  potato  with 
the  raw  potato.  What  changes  have  taken  place  in  the  potato? 
{b)  Cut  away  the  peel  of  a raw  potato.  Scrape  off  a very  little 
of  the  potato  and  place  the  scrap- 
ings on  a clean  glass  slide.  Add  a 
drop  of  iodine,  and  examine  the 
potato  scrapings  under  a micro- 
scope. Note  that  the  starch  is  in 
the  form  of  tiny  grains  (Figure  118). 
Examine  a slice  of  boiled  potato 
under  the  microscope.  Add  a drop 
of  iodine.  How  has  the  appearance 
of  the  starch  grains  been  changed 
by  boiling? 

(c)  Boil  a small  piece  of  beef  in 
water  for  thirty  minutes.  Com- 
pare the  boiled  beef  with  raw 
beef.  In  what  ways  has  the  beef 
been  changed  by  boiling? 


Fig.  119.  Cooked  potato  looks 
like  this  under  the  microscope. 
Compare  this  with  Figure  118. 
What  is  the  difference? 


Fig.  118.  Under  a microscope 
the  cells  of  a potato  look  like 
this.  Inside  the  cells  are  the 
somewhat  oval-shaped  grains 
of  starch. 
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The  action  of  heat  on  raw  foods  is  brought  about  by  five 
common  methods:  (1)  cooking  in  hot  water — boiling  or  stew- 
ing; (2)  cooking  in  the  hot  air  in  the  kitchen  oven  or  over  a 
camp  fire — baking  or  roasting;  (3)  cooking  in  the  flames,  that 
is,  directly  over  the  fire  or  in  an  ungreased  pan — broiling;  (4) 

cooking  in  hot  fat  or  grease — 
frying;  (5)  cooking  in  steam — 
steaming.  The  proper  use  of 
these  different  methods  is  a 
science  and  an  art  which  have 
been  studied  for  many  years. 
Much  food  is  made  indigestible 
and  useless  to  the  body  by  im- 
proper cooking.  The  best  direc- 
tions for  cooking  are  contained 
in  good  cookbooks  which  should 
be  consulted  by  one  who  does 
not  know  the  principles  of  pre- 
paring food. 

Although  no  two  people  are 
exactly  alike  in  the  ways  that 
different  kinds  of  foods  affect 
them,  a few  simple  rules  will 
aid  most  of  us  in  selecting  food 
that  will  meet  all  the  require- 
ments about  which  you  have  been  studying. 

1.  Use  plenty  of  milk — a quart  a day  for  growing  persons 
and  a pint  a day  for  those  who  have  completed  their  growth. 
Young  people  will  secure  a sufficient  quantity  if  they  drink 
a glass  of  milk  at  each  meal  and  eat  food  in  which  one-fourth 
of  a glass  has  been  used.  Milk  contains  easily  digested 
carbohydrates,  fat,  and  protein  in  a well-balanced  ratio. 
But  it  is  more  important  in  our  diet  as  the  very  best  source 
of  the  bone-building  minerals,  calcium  (lime),  and  phos- 
phorus. A quart  of  milk  a day  provides  more  than  enough 
calcium  and  three-fifths  of  all  the  phosphorus  needed  by 


Fig.  120.  From  what  you  have 
just  read  about  milk,  you  can 
easily  understand  why  it  is  of 
such  great  value  to  growing 
children. 
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the  body,  in  addition  to  other  necessary  minerals.  Milk 
is  also  valuable  because  it  is  rich  in  vitamins  A,  B,  and  D, 
all  of  which  are  important  in  growth.  No  wonder,  then, 
that  milk  is  known  as  the  most  nearly  perfect  food. 

2.  Eat  at  least  two  generous  servings  of  vegetables  each  day, 
one  of  which  is  a green  leafy  vegetable.  Vegetables  are  rich  in 
minerals  and  vitamins.  They  also  aid  in  regulating  the  bowels 
by  adding  bulk  to  the  diet. 

3.  Eat  two  fruits  each  day,  one  of  them  raw.  Oranges,  grape- 
fruit, and  lemons  are  especially  valuable  for  vitamin  C. 
Fruits  contain  some  minerals  and  are  good  regulatory  foods. 
Some  should  be- eaten  raw  because  heating  tends  to  destroy 
the  valuable  vitamins  which  they  contain. 

4.  Choose  a food  rich  in  protein  at  each  of  two  meals  in  a 
day.  However,  it  is  best  to  limit  yourself  to  one  serving  of 
meat  each  day  (excepting  breakfast  bacon).  Foods  rich  in 
proteins  include  meats  of  all  kinds,  fish,  eggs,  cheese,  dried 
peas,  dried  beans,  nuts.  Protein  foods  are  building  foods, 
but  are  believed  to  overburden  the  body  with  injurious 
wastes  if  eaten  in  too  great  abundance. 

5.  Eat  a whole  cereal  or  two  slices  of  whole-wheat  bread  each 
day.  These  are  valuable  for  vitamins,  minerals,  and  bulk, 
as  well  as  for  the  energy  they  contain. 

6.  Eat  fats  and  sugars  sparingly.  Overeating  of  sweets, 
especially,  seems  to  overwork  certain  organs  of  the  body  and 
lead  to  ill  health. 

7.  Eat  food  enough  to  keep  you  vigorous  and  strong  all  day 
and  to  keep  you  growing,  as  shown  by  a gradual  increase  in 
weight,  until  you  are  mature. 

8.  Eat  regularly — three  meals  a day. 

9.  Drink  four  to  six  glasses  of  water  a day.  Much  addi- 
tional water  will  be  supplied  by  your  food. 

If  one’s  weight  is  near  the  average  for  one’s  height  and 
age,  and  if  no  feeling  of  distress  is  present  in  the  digestive 
system,  the  preceding  rules  may  be  safely  used  as  a guide  for 
selecting  food. 
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Suggested  Activity.  What  foods  not  mentioned  in  the  nine 
rules  are  an  important  part  of  your  diet?  Why  do  you  think  that 
they  are  not  mentioned. 

Self-testing  exercise  5.  (a)  Make  separate  lists  of  the  food 

you  ate  at  each  of  three  meals  for  a period  of  three  days.  State 
which  of  the  nine  rules  you  followed  and  which  you  violated  in 
your  selection. 

(b)  Consider  these  factors:  age,  weight,  height,  your  daily  activ- 
ities, and  the  nine  rules  presented  in  the  text.  State  specific  ways 
in  which  you  might  improve  your  daily  diet. 

Self-testing  exercise  6.  State  four  reasons  why  foods  are  cooked. 

Self-testing  exercise  7.  Make  a list  of  cooked  foods  which  you 
eat,  and  after  each  state  the  method  of  cooking  generally  used. 
Which  is  the  most  common  method?  Why  is  this  so? 

Problem  4:  How  Are  Foods  Kept  from  Spoiling? 

Study  Suggestion.  Before  beginning  the  study  of  this  prob- 
lem, ask  yourself  two  questions:  (1)  How  can  one  tell  if  a food  is 
spoiled?  and  (2)  Under  what  conditions  do  foods  spoil?  If  you  can- 
not answer  these  questions,  look  around  your  home  or  in  a grocery 
and  find  some  spoiled  food.  This  will  give  you  information  through 
first-hand  observation.  As  a result  of  your  study,  you  should  be 
able  to  answer  these  two  questions. 

What  causes  food  to  spoil?  Raw  foods,  whether  from 
plants  or  animals,  must  be  properly  cared  for  or  they  begin 
to  spoil,  or  decay,  in  a short  time.  Millions  of  dollars’  worth 
of  food  is  wasted  every  year  on  account  of  careless  handling. 
To  prevent  this  decay  the  food  must  be  protected  against 
the  living  organisms  which  get  into  it  and  change  its  com- 
position. This  change  is  called  decomposition,  for  the  mate- 
rials in  the  foodstuff  are  really  broken  up,  forming  new 
materials.  These  give  the  food  a bad  taste  or  a bad  odor, 
and  often  cause  it  to  become  poisonous. 

How  harmful  organisms  get  into  food  was  a mystery  for  a 
long  time.  But  gradually  it  became  known  that  three  kinds 
of  organisms  may  come  from  the  air,  as  shown  by  the  follow- 
ing experiment. 
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Experiment  26.  How  do  living  organisms  get  into  exposed  foods? 

(a)  Moisten  a slice  of  bread.  Expose  it  for  a half-hour  and  then 
place  it  in  a fruit  jar  or  dish.  Cover  the  jar  or  dish  so  that  the 
bread  will  remain  moist,  and  keep  it  in  a warm  place.  Examine 
it  from  day  to  day.  At  the  same  time  put  into  another  jar  a slice 
of  fresh,  unmoistened  bread.  Compare  the  two  slices  of  bread  for 
at  least  a week.  What  do  you  conclude? 

(&)  Make  one  pint  of  a solution  of  corn  syrup  or  molasses,  using 
about  one-tenth  as  much  syrup  as  water.  Divide  this  into  three 
portions.  Place  one  portion  in  an  open  vessel  in  the  ice-box.  Put 
the  second  portion  in  a vessel  and  boil  it  for  a half-hour;  then  cover 
the  vessel  air  tight  and  set 
it  in  a warm  place.  Leave 
the  third  portion  in  an  open 
vessel  in  a warm  place.  Ex- 
amine the  different  solutions 
from  day  to  day.  Can  you 
explain  the  results? 


Fig.  121.  When  the  walls  of  the  spore 
cups  break,  millions  of  spores  are 
set  free  in  the  air. 


Usually  two  kinds  of 
plant  growths  appear  on 
moist  bread,  molds  and  bac- 
teria. There  are  many  vari- 
eties of  each.  You  may 

observe  at  least  two  molds  on  the  bread.  The  most  common 
is  the  cotton-like  material  covered  with  black  dots,  which  is 
called  bread  mold.  Another  common  variety  is  the  blue  mold. 
If  you  examine  these  molds  under  the  microscope,  you  will  see 
that  they  bear  spore  cups  containing  hundreds  of  spores  (Fig- 
ure 121).  Each  of  these  spores,  like  seeds,  can  produce  a new 
plant  when  it  comes  into  contact  with  warm,  moist  food,  on 
which  it  can  grow.  Here  and  there  on  the  bread  you  may  see 
other  spots  where  the  bread  becomes  yellow,  or  discolored,  and 
pasty.  Some  of  these  spots  are  caused  by  microscopic  plants, 
bacteria.  The  bacteria  also  produce  spores,  but  not  in  the  same 
way  as  the  molds.  These  spores  of  bacteria  and  molds  are  so 
small  that  they  may  be  carried  in  the  air  and  thus  get 
into  our  foods.  As  they  grow  and  decompose  the  food,  it 
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becomes  foul-odored  and  useless.  Certain  bacteria,  moreover, 
in  decomposing  some  kinds  of  foods,  produce  poisons.  You 
have  probably  heard  of  persons  who  became  ill  from  ptomaine 
poisoning  after  eating  spoiled  meat,  fish,  oysters,  and  other 

foodstuffs. 

While  mold  may  appear  on 
the  warm  exposed  syrup  solu- 
tion used  in  Experiment  26, 
there  will  also  be  seen  small 
bubbles  of  gas  rising  from  the 
solution.  In  time  the  syrup 
will  smell  sour.  These  changes 
are  caused  by  yeasts.  Under  the 
microscope  they  appear  some- 
thing like  Figure  122.  These  plant  organisms  feed  on  the 
sugar  and  change  it  to  alcohol  and  carbon-dioxide  gas.  This 
process  is  called  fermentation.  The  gas  causes  the  bubbles 
which  you  see.  The  alcohol  is  changed  to  vinegar  {acetic 
acid),  which  causes  the  sour  odor  and  taste  after  it  has  stood 
for  several  days. 

The  air  is  not  the  only  source  from  which  destructive 
organisms  enter  our  food.  They  exist  nearly  everywhere. 
Impure  water,  dirty  hands,  and  unclean  vessels  used  in 
washing  or  handling  food  materials  may  be  the  carriers  of 
the  organisms  which  spoil  food,  produce  poisons,  and  cause 
disease.  Flies  and  other  insects  also  act  as  carriers.  From 
what  you  have  just  read,  it  is  clear  that  care  in  keeping  food 
free  from  decay  is  absolutely  essential  to  our  pocketbooks  and 
to  our  health. 

Suggested  Activity.  How  would  you  preserve  each  of  the 
foods  used  in  Experiment  26?  Devise  an  experiment  to  test  the 
accuracy  of  your  suggestion. 

How  may  the  organisms  which  cause  foods  to  spoil  be 
prevented  from  growing?  First,  proper  handling  and  stor- 
ing of  food  are  necessary  so  that  organisms  may  not  come 
in  contact  with  the  food.  A few  illustrations  will  suggest  to 


appear  under  the  microscope. 
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your  mind  many  things  which  you  can  do  to  keep  food  pure. 
Foodstuffs  should  be  kept  covered,  particularly  in  the  market, 
the  restaurant,  the  fruit  stand,  and  the  home.  In  picking  and 
marketing  fruit  or  vegetables,  nature’s  covering,  such  as  the 
peel,  or  skin,  or  husk,  should  not  be  broken 
or  cut.  Potatoes,  turnips,  beets,  and  other 
vegetables  should  not  be  stored  in  moist, 
warm  places.  Milk  should  be  protected 
by  sanitary  milking,  by  shipping  in  clean 
cans,  by  using  sanitary  bottles,  and  by 
pasteurization. 

Experiment  27 i How  is  milk  pasteurized? 

(a)  Fill  a test  tube  half  full  of  milk.  Place  the 
test  tube  of  milk  in  a beaker  of  water  (Fig- 
ure 123),  and  heat  the  beaker  with  a small 
flame.  Take  the  temperature  of  the  water  in 
the  beaker  and  regulate  the  flame  so  that  the 
temperature  will  remain  at  144°  F.  Heat  for 
thirty  minutes  at  this  temperature. 

(&)  Plug  the  tube  of  milk  with  a little 
cotton  and  set  it  aside.  Fill  another  test  tube 
half  full  of  unpasteurized  milk  and  set  it  aside  with  the  pasteurized 
milk.  Taste  the  milk  in  both  test  tubes  every  day  for  several  days. 
Which  milk  remains  sweet  longer? 

Pasteurization  does  not  kill  all  of  the  bacteria  in  milk;  it 
does,  however,  kill  most  of  them,  and  especially  the  ones 
which  cause  disease.  The  majority  of  cities  have  laws  pro- 
hibiting the  sale  of  milk  which  has  not  been  pasteurized.  In 
rural  communities  milk  is  often  not  pasteurized. 

You  can  pasteurize  milk  at  home  by  using  an  easily  made 
apparatus.  To  do  this  you  will  need  an  iron  pail  fitted  with 
a false  bottom  that  will  rest  about  an  inch  above  the  bottom 
of  the  pail.  This  false  bottom  may  be  made  by  obtaining  a 
piece  of  heavy  tin  slightly  larger  than  the  bottom  of  the  pail 
and  cutting  several  holes  through  it.  The  false  bottom  is 
necessary  to  prevent  the  bottles  from  breaking.  Fill  the  pail 
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Fig.  123.  Pasteuriz- 
ing apparatus. 
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with  water  so  that  the  level  is  about  the  same  as  that  of  the 
milk  in  the  bottles  and  heat  to  a temperature  of  144°  F.  for 
thirty  minutes. 

Second,  foods  may  be  preserved  by  cooking  and  canning. 
The  bacteria,  yeasts,  and  molds  are  killed  by  being  heated 
to  a high  temperature.  Thus  fruits,  vegetables,  fish,  and 
meat  are  cooked  in  boiling  water  and,  while  hot,  packed  in 
cans;  or  they  may  be  placed  in  cans  while  raw,  and  then 
heated.  By  either  method  the  heat  cooks  the  food  and  kills 
the  living  organisms  in  the  food.  The  cans  are  sealed  with 
paraffin  or  with  other  air-tight  covers  to  prevent  new  organ- 
isms from  entering.  This  also  keeps  out  air,  which  is  neces- 
sary for  growing  organisms.  Meats  are  often  cooked  (fried 
or  roasted),  placed  in  jars,  and  covered  with  hot  lard  which, 
when  cool,  protects  the  meat  from  spoiling. 

Third,  foods  may  be  preserved  by  adding  certain  chemicals 
which  prevent  the  growth  of  organisms.  This  practice  is 
not  objectionable  if  the  preservatives  themselves  are  not 
poisons.  Sugar,  spices,  salt,  and  vinegar  are  often  used  in 
home  canning  and  are  not  dangerous.  Meats  are  salted  in 
brine  and  smoked.  In  canning  and  packing  houses  some 
poisonous  substances  have  in  the  past  been  used,  but  the 
Adulteration  of  Food  Act  now  requires  that  preserved  foods 
bear  labels  stating  exactly  the  kind  and  amount  of  pre- 
servative contained  in  the  food. 

Fourth,  drying  certain  foods  protects  them  from  decay. 
You  recall  that  moisture  is  necessary  for  the  growth  of  bac- 
teria and  other  organisms.  You  can  understand,  then,  why 
dried  fruits,  vegetables,  and  meats  do  not  spoil  easily. 

Fifth,  food  may  be  prevented  from  spoiling  by  keeping  it 
cold.  Bacteria,  yeasts,  and  other  organisms  cannot  grow  at 
low  temperatures.  They  may  even  be  killed  at  temperatures 
below  freezing.  Thus,  keeping  food  at  low  temperatures  by 
means  of  the  common  ice-box,  the  “iceless”  refrigerator,  or 
dry  ice  prevents  the  destructive  organisms  from  spreading, 
and  may  even  kill  them.  In  the  Arctic  regions  there  have  been 
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found  the  bodies  of  animals  frozen  thousands  of  years  ago. 
So  well  preserved  was  the  flesh,  that  dogs  ate  it. 

It  has  lately  been  learned  that  if  foods  such  as  fish, 
meat,  and  fruits  are  frozen  very  quickly  when  perfectly 
fresh,  their  taste  and  quality  are  not  changed  as  they  are 
if  frozen  slowly  or  kept  at  temperatures  above  freezing.  Foods 
frozen  in  this  manner  to  a temperature  far  below  that  at 
which  bacteria  are  able  to  work  can  be  kept  indefinitely  and 
still  have  the  quality  of  perfectly  fresh  food. 

Suggested  Activity.  Prepare  a table,  similar  to  the  one  given 
below,  in  which  you  list  the  foods  preserved  by  the  different  methods. 
(Consult  your  parents  and  your  grocer.) 


Methods  of  Preserving  Foods 


Cooking  and 

Adding 

Drying 

Keeping  at 

Canning 

Chemicals 

Low  Temperatures 

Peaches 

Cider 

Apples 

Meat 

Suggested  Activity.  Make  a section  drawing  of  your  home 
refrigerator.  Indicate  the  direction  of  the  air  currents  by  arrows 
after  you  have  carefully  examined  the  construction  of  the  interior. 
Explain  why  the  air  circulates  as  it  does.  Determine  which  part 
of  the  ice-box  is  the  coolest.  Explain  your  result. 

Self-testing  exercise  8.  Write  a paragraph  in  which  you  show 
how  the  methods  employed  to  keep  foods  from  spoiling  prevent  or 
slow  down  the  growth  of  the  organisms  which  cause  decay. 

Summary  exercise  on  Unit  IV.  Make  a list  of  all  the  principles 
or  big  ideas  of  science  that  you  have  learned  from  this  unit. 

Additional  Exercises 

1.  If  a man  doing  vigorous  muscular  work  were  forced  to  live  on 
a milk  diet,  how  much  milk  should  he  drink  daily  in  order  to  get 
the  proper  number  of  calories? 

2.  Place  a little  sugar  in  a test  tube,  and  heat  it  over  a flame 
for  several  minutes.  Describe  what  happens.  On  the  basis  of  your 
results,  do  you  conclude  that  sugar  contains  one  or  more  than 
one  element? 
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3.  Devise  an  experiment  to  determine  the  percentage  of  potato 
which  is  water. 

4.  Visit  your  local  groceries  and  meat  markets  to  see  if  they  use 
the  proper  methods  of  protecting  foods  which  spoil  easily. 

5.  Bears  find  a convenient  hole  to  rest  in  during  the  winter  and 
eat  no  food  during  that  time.  How  do  they  keep  alive? 

6.  (a)  Why  does  hard  work  or  strenuous  exercise  increase  your 
hunger?  (&)  Why  do  you  breathe  more  rapidly  during  such  work 
or  exercise? 

7.  The  standard  daily  field  ration  of  a soldier  in  one  country  is 


given 

below.  Why  is 

this  a well-balanced  ration?  (See  Table  4.) 

bacon 

12  oz. 

potatoes 

20  oz. 

sugar 

3.2  oz. 

bread 

18  oz. 

prunes  or 

evaporated 

beans 

2.4  oz. 

preserves 

1.28  oz. 

milk 

5 oz. 

salt 

.64  oz. 

coffee 

1.12  oz. 

vinegar 

.16  oz. 

butter 

.50  oz. 

pepper 

.04  oz. 

lard 

.64  oz. 

8.  Criticize  these  meals  (Examine  Table  4):  Lunch — corn  soup 
and  crackers,  creamed  potatoes,  white  bread,  butter,  rice  pudding. 
Dinner — sirloin  of  beef,  green  peas,  cheese,  boiled-egg  salad,  white 
bread,  butter,  milk. 

9.  Make  up  a daily  menu  of  three  meals  which  you  think  con- 
tain a well-balanced  diet  for  the  average  person. 

10.  Consult  a good  cookbook  to  find  as  many  important  prin- 
ciples of  cooking  as  you  can,  and  make  a list  of  them.  After  each 
give  a reason  for  the  method  used.  Your  list  will  include  the  fol- 
lowing, which  is  given  as  a sample  to  show  you  what  is  wanted: 
Some  vegetables  should  not  be  cooked  for  a long  time,  because  the  vitamins 
are  destroyed. 

11.  Make  a list  of  different  ways  by  which  various  foods  can  be 
protected  in  handling  and  storing. 

12.  Why  is  it  a good  practise  to  scald  the  bread  box  with  boiling 
water  and  expose  it  to  the  direct  sunlight  at  frequent  intervals? 

13.  Explain  why  it  would  or  would  not  be  advisable  to  place  a 
cake  of  yeast  in  boiling  water  to  soften  it? 

14.  Milk  in  powder  form  may  be  purchased  in  the  market.  Why 
is  it  easier  to  keep  in  this  state  than  in  the  state  of  a liquid? 

15.  Are  the  cells  which  make  up  the  body  of  a baby,  larger, 
smaller,  or  the  same  size  as  the  cells  of  an  adult? 
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HOW  ARE  OUR  HOMES  PROVIDED 
WITH  AN  ADEQUATE  WATER  SUPPLY?  . 

Preliminary  Exercises 

1.  What  has  sunlight  to  do  with  our  water  supply? 

2.  Make  a list  of  the  uses  of  water  under  the  three  headings 
given  in  the  table  below. 


Uses  of  Water 

Home 

Industrial 

Community 

Cooking 

Making  steam 

Cleaning  streets 

Etc. 

Etc. 

Etc. 

3.  What  factors  would  you  consider  in  determining  whether  a 
town  or  city  has  a good  water  supply? 

4.  What  becomes  of  the  water  which  falls  on  the  earth  as  rain? 

5.  Name  as  many  sources  of  water  supply  as  you  can. 

6.  (a)  What  is  the  source  of  water  in  your  home?  (b)  How  is  it 
brought  from  the  source  to  your  kitchen? 

7.  A pipe  100  feet  long  reaches  from  a cliff  to  a spring  below. 
If  all  the  air  is  removed  from  the  pipe,  how  high  will  the  water  rise 
in  the  pipe  above  the  water  in  the  spring? 

8.  Name  three  different  ways  of  forcing  water  to  flow  out  of  the 
faucets  of  a water  system. 

9.  Name  all  the  different  devices  you  know  that  are  used  to 
distribute  and  regulate  the  supply  of  water  in  your  home. 

10.  Why  does  the  water  circulate  through  a hot-water  storage 
tank  when  there  is  a fire  in  the  heater? 

11.  (a)  How  can  an  inland  city  best  dispose  of  its  sewage?  (b)  A 
country  home?  (c)  Explain. 

12.  (a)  What  kinds  of  impurities  make  water  unsafe  to  drink? 
(b)  How  may  they  be  removed  or  made  harmless? 
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The  Story  of  Unit  V 

We  have  become  so  accustomed  to  the  thousand  and  one 
ways  in  which  man  has  improved  his  original  environment, 
that  it  is  hard  to  realize  that  there  are  only  three  necessities 
without  which  life  cannot  exist:  air,  water,  and  food.  Studies 
of  the  life  of  primitive  man  show  that  he  lived  in  regions 
which  were  supplied  with  natural  bodies  of  water,  such  as 


Fig.  124.  Primitive  water-supply  methods  in  Tunis,  Africa.  Camels 
hitched  to  ropes  draw  water  up  from  the  well  in  goatskin  buckets. 

(Herbert  photo.) 

lakes,  rivers,  and  springs.  It  was  probably  an  accident 
when  man  first  discovered  that  water  could  be  obtained  by 
digging  in  the  ground.  This  knowledge  must  have  meant  a 
great  deal  to  him,  for  it  made  him  independent  of  streams, 
lakes,  and  springs.  Until  recently  the  shallow  well  dug  by 
hand  was  the  only  method  of  obtaining  water  from  the 
ground,  but  modern  machinery  has  enabled  us  to  bore  into 
the  earth  to  great  depths;  and  water  may  be  obtained  in 
regions  which  were  formerly  thought  incapable  of  supporting 
life.  The  development  of  any  region  is  dependent  upon  a 
source  of  water,  for  without  water  life  cannot  exist. 

It  is  difficult  for  those  of  us  who  have  always  lived  in 
cities  to  appreciate  what  it  means  to  have  a supply  of  water 
constantly  available.  We  are  accustomed  to  turning  a 
faucet  from  which  pours  a stream  of  water  to  satisfy  our 
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needs.  In  some  rural  homes  and  rural  towns,  however,  the 
problem  is  quite  different.  The  water  must  be  pumped  by 
hand  and  carried  to  the  place  where  it  is  used.  In  the  winter 
the  water  in  the  pump  may  freeze  and  have  to  be  thawed 
out  before  the  pump  will  work.  Water  is  not  available  for 
the  disposal  of  sewage,  and  inside  toilets  are  difficult  to 
maintain. 

To  secure  an  adequate  supply  of  pure  water  and  to  dis- 
tribute the  water  so  that  it  will  be  available  whenever  it  is 
needed  is  one  of  the  most  important  problems  which  a city 
faces.  An  idea  of  the  tremendous  amount  of  water  required 
by  large  cities  may  be  obtained  through  an  examination 
of  Table  7. 

TABLE  7.  Water  Consumption  of  Large  Cities  (1931) 


City 

Water 

Population 

Gallons  Used 
Daily 

Gallons  Used 
Daily  per  Person 

Edmonton 

79,000 

6,900,000 

87.3 

Winnipeg 

215,800 

14,662,000 

67.9 

Vancouver ...... 

240,000 

30,000,000 

125.0 

Toronto 

749,000 

77,040,000 

102.9 

Montreal 

1,227,100 

117,845,000 

96.2 

Chicago 

3,519,600 

795,679,600 

226.1 

New  York 

7,120,000 

765,600,000 

107.5 

For  what  reasons  may  some  cities  use  twice  as  much 
water  per  capita  as  other  cities? 

Every  day  the  city  of  London  requires  a volume  of  water 
equivalent  to  that  in  a lake  covering  160  acres  to  a depth  of 
nine  or  ten  feet.  How  cities  secure  an  adequate  water  supply 
and  how  they  are  meeting  the  problem  of  increasing  this  sup- 
ply, you  will  learn  in  this  unit. 

In  addition  to  the  problem  of  securing  sufficient  water  for 
daily  needs,  the  quality  of  the  water  must  be  taken  into 
consideration.  The  water  should  be  clear,  tasteless,  free  from 
the  germs  which  cause  disease,  and  soft.  Only  a very  few 
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communities  discover  a near-by  natural  supply  which  fulfils 
all  of  these  conditions.  To  be  clear,  the  water  must  be  com- 
paratively free  from  sediment.  To  be  tasteless,  it  must  not 
contain  certain  minerals  and  gases.  To  be  free  from  germs, 
it  must  be  guarded  against  pollution  by  materials  which 


Fig.  125.  To  secure  pure  water  for  the  city  of  Liverpool,  a dam  was  built 
across  the  Vyrnwy  Valley  in  the  Welsh  mountains.  Before  the  valves  in  the 
dam  were  closed,  a village,  a church,  a cemetery,  and  many  farmsteads 
were  removed.  In  the  right  centre,  note  the  “straining  tower,”  as  they 
call  it  in  England,  and  the  beginning  of  the  aqueduct  from  Lake  Vyrnwy 
to  Liverpool.  (By  permission  of  the  Corporation  of  Liverpool.) 

wash  into  it  from  the  banks  and  by  the  sewage  of  cities. 
To  be  soft,  it  must  not  contain  certain  minerals  which  inter- 
fere with  the  formation  of  soapsuds.  Many  cities  have  been 
forced  to  go  long  distances  to  find  water  which  meets  these 
requirements.  Other  cities  have  been  obliged  to  establish 
expensive  plants  for  purifying  or  treating  the  water  before 
it  can  be  used  by  the  inhabitants.  In  still  other  cities  the 
citizens  have  found  it  necessary  to  purify  in  their  own  homes 
the  water  supplied  to  them  by  the  city  water  system.  As 
you  will  see  in  this  unit,  the  methods  employed  by  cities  to 
supply  sufficient  and  pure  water  depend  largely  upon  the 
local  situation.  There  are,  however,  certain  methods  meet- 
ing different  types  of  conditions. 
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There  still  remains  the  important  problem  of  securing  an 
efficient  distribution  of  the  water  to  the  consumers.  The 
water,  as  you  know,  is  distributed  to  the  various  parts  of 
the  city  by  a system  of  pipes,  or  mains.  The  water  must  be 
under  pressure  in  order  for  it  to  rise  in  the  pipes  of  tall  build- 
ings and  to  come  out  of  the  pipes  when  the  faucets  are  opened. 


Fig.  126.  This  Toronto  water  main  was  driven  over  nine  miles 
through  shale.  It  is  lined  with  concrete.  A similar  tunnel,  3300  feet 
long,  10  feet  in  diameter,  was  driven  under  Lake  Ontario  in  connec- 
tion with  the  intake. 

Two  problems  are  thus  encountered  in  providing  the  consumer 
with  water : (1)  that  of  determining  the  size  of  the  mains  neces- 
sary to  supply  a given  district,  and  (2)  that  of  providing  suffi- 
cient pressure  to  force  the  water  to  the  point  where  it  is  needed. 
The  failure  to  solve  either  of  these  problems  results  in  an 
inadequate  supply. 

Up  to  this  point  we  have  been  concerned  with  the  prob- 
lems which  must  be  solved  before  a stream  of  pure  water 
enters  our  home.  We  now  have  the  problem  of  controlling 
or  regulating  this  stream  of  water  so  that  it  is  available  when 
and  where  we  want  it,  and  the  problem  of  disposing  of  the 
waste  water.  To  meet  these  demands,  man  has  invented 
faucets,  sinks,  flush-tanks,  water  heaters,  traps,  and  other 
familiar  devices  found  in  nearly  every  home.  How  these 
operate  to  meet  our  needs,  you  will  discover  as  you  study  the 
problems  of  this  unit. 
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Problem  1 : How  Is  a Supply  of  Water  Obtained? 

Study  Suggestion.  The  source  of  our  water  supply  is  the  rain. 
When  you  have  completed  this  problem,  you  should  know  what 
happens  to  a drop  of  water  from  the  time  it  falls  on  the  ground  as 
rain  until  it  gets  into  the  glass  of  water  which  you  drink.  If  you 
understand  this,  you  can  solve  the  problem. 

What  are  the  important  sources  of  water  supply?  There 
are  two  principal  sources  of  water  supply,  surface  water  and 
ground  water.  Both  of  these  sources  are  dependent  upon  the 
rainfall.  When  rain,  or  any  other  form  of  water,  strikes  the 
ground,  one  of  three  things  may  happen  to  it:  It  may  run 
off  into  streams,  lakes,  or  ocean;  it  may  sink  into  the  ground; 
or  it  may  evaporate  into  the  air.  A light  rain  falling  in  the 
forest  or  upon  grass  lands  may  nearly  all  soak  into  the  soil. 
A heavy  rain  falling  on  the  same  land  will  run  off,  in  part, 
into  near-by  streams.  The  heaviness  of  the  rainfall,  the 
amount  of  vegetation,  the  slope  of  the  land,  the  temperature 
of  the  air,  and  the  kind  of  soil  upon  which  the  rain  falls  all 
determine  what  happens  to  the  water.  We  are  interested  in 
the  part  which  flows  into  the  streams  and  that  which  sinks  into 
the  soil,  because  these  furnish  our  water  supply. 

Let  us  first  consider  the  rain  which  sinks  into  the  ground 
and  supplies  the  water  for  our  wells.  The  questions  we  must 
answer  are:  “What  becomes  of  this  water?”  and  “How 
does  it  get  into  the  holes  which  we  dig  in  the  ground?”  A 
surprisingly  large  number  of  people  cannot  answer  these 
questions.  Many  of  them  actually  believe  that  our  wells  tap 
underground  streams  or  bodies  of  water.  That  such  is  not 
the  case  you  will  soon  discover. 

Some  of  the  rain  which  sinks  into  the  ground  is  held  as  a 
thin  film  around  the  particles  of  the  soil.  The  remainder  of 
it  sinks  downward  until  it  comes  to  a layer  of  rock  or  soil 
which  is  impervious  to  water,  that  is,  to  a layer  through 
which  the  water  cannot  pass.  Since  it  can  go  no  farther,  it 
remains  between  the  particles  of  soil.  The  soil  which  con- 
tains free  water  between  its  particles  is  said  to  be  saturated. 
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The  top  of  the  saturated  zone  is  known  as  the  water  table 
(Figure  127).  It  may  be  very  near  the  surface  or  deep  in 
the  ground.  Sometimes  the  impervious  layers  of  rock  or 
clay  come  to  the  surface  on  hillsides,  and  the  water  flows  out, 
forming  springs.  Since  the  ground  water  comes  from  the 


Fig.  127.  A section  of  the  earth  showing  the  water  table  and  a spring. 
Springs  are  formed  when  the  level  of  the  water  table  is  above  any  part 
of  the  surface. 


rain  which  soaks  into  the  soil,  the  level  of  the  water  table 
varies  at  different  seasons  of  the  year.  This  is  the  reason 
why  some  wells  become  dry  during  the  summer  months. 

Experiment  28.  How  does  the  water  which  soaks  into  the 
ground  get  into  a well?  (a)  Fill  a tumbler  with  small  stones. 
Push  a six-inch  length  of  glass  tubing  down  between  the  stones 
near  the  side  of  the  tumbler  to  within  a half  inch  of  the  bottom. 
Fill  the  tumbler  about  half  full  of  water.  How  does  the  water  get 
into  the  glass  tube?  How  does  the  height  of  water  in  the  tumbler 
and  in  the  glass  tube  compare? 

(b)  Put  a piece  of  glass  tubing  in  a tumbler.  Fill  the  tumbler  full 
of  sand,  taking  care  that  the  glass  tubing  is  visible  from  the  out- 
side of  the  tumbler.  Slowly  pour  some  muddy  water  on  the  sand. 
Compare  the  clearness  of  the  water  which  was  poured  into  the 
tumbler  with  that  of  the  water  which  filtered  through  the  sand 
into  the  tubing. 

Water  flows  into  the  well  in  the  sarhe  manner  that  it  flows 
into  the  glass  tube  in  the  experiment.  The  water  between 
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the  particles  nearest  the  well  drips  into  the  well.  The  space 
left  in  the  soil  is  filled  with  water  from  above  or  from  the 
sides.  Thus  there  is  a constant  seepage  or  flow  into  the  well. 
This  process  continues  until  the  level  of  the  water  in  the  well 


Fig.  128.  The  shallow  well  at  the  left  is  correctly  constructed;  the 
walls  are  made  of  brick  cemented  together,  and  it  has  a concrete  collar 
and  proper  drainage  at  the  top  to  prevent  surface  water  from  getting 
in.  The  shallow  well  at  the  right  has  a poorly  constructed  wall  of 
loose  stones  and  bad  surface  drainage. 

is  of  the  same  height  as  that  of  the  water  table.  When  water 
is  drawn  from  the  well,  it  is  replaced  by  further  seepage  until 
it  again  reaches  the  water-table  level. 

When  the  water  table  is  reasonably  near  the  surface, 
shallow  wells  may  be  dug  by  hand  and  walled  up  to  keep  the 
soil  from  falling  in  again.  Years  ago  wells  of  this  type  were 
commonly  constructed  of  loose  stone.  In  this  type  of  well 
water  could  seep  through  the  spaces  between  the  stones  at 
all  levels.  Modern  wells  of  this  type  are  constructed  of 
bricks  cemented  together  by  mortar.  The  water  must  either 
enter  the  well  below  the  brick,  or  it  must  seep,  or  filter, 
through  the  brick.  If  you  will  consider  the  results  obtained 
from  part  {h)  of  Experiment  28,  you  will  see  why  the  well 
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with  the  cemented  brick  wall  is  superior  to  the  well  with  the 
loose  stone  wall. 

The  driven  well  is  now  replacing  the  old  dug  well  to  a con- 
siderable extent,  especially  where  the  water  occurs  in  layers 
of  gravel  or  sand.  To  make  a driven  well,  a well  point  (Fig- 
ure 129)  is  screwed  to  the  end  of  a pipe.  This  is  then 
driven  into  the  ground  until  it  is  below  the  water 
table.  The  well  point  has  many  holes  in  it,  which 
are  covered  with  a very  fine  screen.  Thus  the  water 
can  run  into  the  pipe  and  be  pumped  up,  the  sand 
being  kept  out  by  the  screen. 

In  places  where  wells  cannot  be  driven,  they  are 
usually  drilled  with  powerful  machines  and  lined  with 
large  steel  pipes.  Such  wells  are  often  drilled  hun- 
dreds or  even  thousands  of  feet  through  solid  rock 
and  into  layers  of  porous  rock,  such  as  sandstone, 
which  contain  water.  Wells  of  this  type  are  known 
as  deep  wells.  In  addition  to  the  fact  that  there  is 
much  less  danger  of  the  water  becoming  impure,  deep 
wells  are  not  so  likely  to  become  dry  during  the  sum- 
mer as  are  shallow  wells.  Water  which  enters  the  porous  layer 
at  a point  much  higher  than  the  well  may  be  under  pressure 


Fig. 129. 


Fig.  130.  Conditions  for  producing  an  artesian  well.  Water  enters  the 
porous  sandstone  layer  where  it  comes  to  the  surface.  In  one  place  a 
layer  of  porous  rock  may  come  to  the  surface,  and  in  another  place  the 
same  layer  may  be  buried  beneath  hundreds  of  feet  of  soil  or  rock. 


and  come  to  the  surface  or  even  spout  Into  the  air  when  the 
hole  is  drilled  (Figure  130).  Such  wells  are  called  artesian 
wells.  Since  the  water  must  seep  through  many  miles  of 
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Fig.  131.  An  arte- 
sian well  in  South 
Dakota  spouts  100 
feet  into  the  air, 
the  water  entering 
a sandstone  layer 
in  the  Black  Hills, 
many  miles  away. 


porous  sandstone,  the  impurities  are  us- 
ually filtered  out.  Water  from  deep  wells 
and  artesian  wells  is,  therefore,  usually 
safe  for  drinking  purposes. 

Most  well  water  has  the  disadvantage 
of  being  hard  because  of  the  minerals 
which  it  has  dissolved  from  the  soil  and 
rocks.  It  is,  therefore,  quite  common  for 
country  homes  to  have  large  underground 
tanks,  called  cisterns,  in  which  to  store 
soft  rain  water  collected  from  the  roofs  of 
buildings.  Although  the  water  from  cisterns 
does  not  usually  taste  well,  it  is  much  better 
for  laundering  and  bathing.  Some  small 
cities  obtain  their  water  supply  from  wells, 
or  have  wells  to  supplement  the  water  from 
other  sources.  However,  most  cities  obtain 
their  supply  from  surface  waters,  such  as 
are  found  in  lakes  and  rivers,  or  by  collecting 
water  which  falls  over  a given  area.  Mon- 


treal secures  its  water  from  the  St.  Lawrence  river,  Toronto 


from  Lake  Ontario,  and  Vancouver  from  mountain  streams. 


Fig.  132.  From  intake  to  pumping  station,  an  United  States  plant. 


In  Toronto  and  other  lake  cities,  intakes  (Figure  132)  are 
built  out  in  the  lake  where  the  water  is  very  deep  and  prac- 
tically free  from  impurities.  Huge  tunnels  dug  under  the 
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lake  bed  bring  the  water  to  pumping  stations  on  the  shore, 
from  which  the  water  is  pumped  throughout  the  city. 

Perhaps  the  most  satisfactory  source  of  water  supply  is 
that  provided  by  mountain  lakes  and  streams.  The  water 
from  these  sources  is  generally  pure.  Furthermore,  if  it  is 


Fig.  133.  One  of  the  intakes  being  lowered  into  position  7460  feet 
from  shore.  Through  this  intake,  along  pipe  and  tunnel,  125,000,000 
gallons  daily  may  be  pumped  to  Toronto’s  filter  station. 


obtained  from  high  up  in  the  mountains,  pumps  are  not 
needed  to  bring  it  to  the  city.  Fifty  years  ago,  Liverpool 
bought  a valley  in  the  Welsh  mountains,  built  a dam  across 
it,  and  so  formed  beautiful  Lake  Vyrnwy.  The  lake  forms  a 
reservoir  of  pure,  soft  drinking  water  1121  acres  in  area,  and 
containing  twelve  billion  gallons.  Manchester  did  not  make 
a lake  but  bought  one  in  the  Cumberland  hills,  and  through 
tunnels  and  aqueducts  brings  the  water  96  miles  to  the  city 
where  it  is  distributed  by  means  of  a modern  system  of  mains. 

Many  Canadian  cities  are  able  to  obtain  their  water  from 
rivers  or  other  streams  fairly  near  by.  Cities  obtaining  water 
from  these  sources  usually  find  it  necessary  to  purify  their 
water  supply. 
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Suggested  Activity.  Find  out  the  source  of  water  supply  of 
cities  in  your  locality.  Combine  your  findings  with  those  of  other 
pupils  in  the  class  and  make  a table  such  as  the  following: 


Source  of  Water  Supply  of  Cities  in  This  Locality 


Source  of  Supply 

Cities 

DEEP 

WELLS 

SHALLOW 

WELLS 

SPRINGS 

ARTESIAN 

WELLS 

RIVERS 

LAKES 

Self-testing  exercise  1.  Which  of  the  sources  of  water  men- 
tioned in  the  problem  will  best  meet  the  five  requirements  of  a 
good  water  supply  for  a country  home? 
Explain  why  the  sources  you  have  given 
for  country  homes  will  not  meet  the 
requirements  for  a city  supply. 

How  is  ground  water  brought 
to  the  surface?  Since  the  water  in 
the  ground  is  below  the  surface  of 
the  ground,  it  is  evident  that  it 
must  be  brought  to  the  surface 
before  it  is  available  for  use.  There 
are  several  kinds  of  pumps  which 
are  used  to  bring  water  to  the  sur- 
face from  wells.  The  most  common 
of  these  are  called  lift  pumps.  Fig- 
ure 134  shows  in  section  the  prin- 
cipal parts  of  a lift  pump.  The 
piston,  fitted  with  a leather  washer  to  make  it  water-tight  in 
the  cylinder,  is  moved  up  and  down  by  the  piston  rod  when 
the  pump  handle  is  forced  down  and  up.  A valve  (Valve  1) 
is  placed  just  below  the  pump  cylinder,  at  the  top  of  the 
shaft,  or  pipe,  that  goes  down  into  the  water  in  the  well. 
There  is  also  a valve  (Valve  2)  in  the  piston.  An  experiment 
will  make  clear  the  construction  and  operation  of  the  pump. 
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Experiment  29.  How  is  a lift  pump  constructed  and  operated? 

(a)  Obtain  a glass  tube  one  or  two  inches  in  diameter  and  twelve 
inches  long.  (A  lamp  chimney  with  straight  sides  will  serve.)  Fit 
a one-holed  cork  in  the  lower  end.  Cut  a piece  of  rubber  sheeting 
or  oilcloth  slightly  larger  than  the  hole  in  the  cork.  Place  the  rubber 
over  the  hole  in  the  cork,  fastening  it  at  one  side  with  a tack.  This 


makes  the  lower  valve  (Valve  1,  Figure  135).  To 
make  the  piston,  obtain  a two-holed  cork  slightly 
smaller  than  the  inside  of  the  glass  tube  and  wrap 
thread  around  it  until  it  fits  snugly  inside  the  glass 
tube.  Construct  a valve  of  rubber  sheeting  or 
oilcloth  over  one  hole  in  the  piston.  Into  the  other 
hole  force  a round  wooden  stick  about  16  inches 
long,  and  fasten  it  securely  to  the  cork  by  means 
of  pins,  as  shown  in  the  figure.  This  forms  the 
piston  rod.  Now  fit  a two-holed  stopper  to  the 
upper  end  of  the  glass  tube.  The  piston  rod  slides 
through  one  of  the  holes.  Bend  a glass  tube  six 
inches  long  into  a right  angle  and  insert  this  in  the 
other  hole.  This  makes  the  spout. 

(&)  Push  the  piston  down  and  pour  a little  water 
into  the  cylinder  after  loosening  the  upper  cork. 
Place  the  cork  in  position  again  and  pull  the  piston 
upward.  Does  the  lower  valve  open  or  close? 
Does  the  valve  in  the  piston  open  or  close?  Ob- 
serve that  the  water  follows  the  piston  upward. 
(It  may  be  necessary  to  move  the  piston  up  and 
down  several  times.) 

(c)  The  space  under  the  piston  is  now  filled 
with  water.  Push  the  piston  down.  Describe  the 
operation  of  the  valves.  How  does  the  water  get 
above  the  piston? 

{d)  The  water  is  now  above  the  piston.  Raise 
the  piston  and  note  which  valve  is  open  and  which 
valve  is  closed.  How  does  the  water  get  out? 


Spout 


-^V2 


-VI 


Fig.  135. 


You  can  now  tell  how  the  pump  works,  but  can  you  tell 
why  the  water  rises  from  the  well  when  the  piston  moves 
upward?  Water  does  not  run  uphill,  nor  does  it  rise  in  a 
pipe  unless  forced.  Experiment  30  will  help  answer  this. 
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Experiment  30.  What  is  the  force  which  causes  the  water  to 
rise  in  the  pipe?  (a)  Fit  a test  tube  with  a one-holed  cork.  In- 
sert a piece  of  glass  tubing  about  two  feet  long  in  the  cork  so  that  it 
will  extend  down  to  the  bottom  of  the  test  tube.  Fill  the  test  tube 
with  water  and  insert  cork.  Apply  your  lips  to  the  glass  tubing 

and  try  to  “suck”  the  water  up 
into  the  glass  tube.  Do  you  suc- 
ceed in  doing  this? 

(b)  Loosen  the  cork  so  that  the 
air  can  get  into  the  test  tube  above 
the  water,  and  repeat  what  you 
did  in  part  (a).  Does  the  water 
rise  in  the  tube? 

The  experiment  shows  that 
water  will  rise  in  a tube  or  pipe 
from  which  the  air  has  been  re- 
moved, provided  that  the  outside 
air  can  get  to  the  water  around 
the  pipe.  This  experiment  will 
give  you  a start  on  answering 
the  question,  “Why  does  the 
water  come  up  from  the  well?” 
The  air  pressure  on  the  outside  presses  on  the  water  in  the  well. 
The  air  presses  down  inside  of  the  pump  also,  but  it  presses 
against  the  top  of  the  piston  and  not  on  the  water  below  the 
piston.  The  piston  fits  air-tight  in  the  cylinder.  When  the 
piston  is  raised,  there  is  left  below  it  a space  which  contains 
no  air.  The  air  pressure  on  the  water  in  the  well,  being  greater 
than  the  air  pressure  on  the  water  below  the  piston,  forces 
the  water  up  from  the  well  into  the  cylinder  of  the  pump,  just 
as  it  forces  mercury  into  a tube  from  which  air  has  been 
removed.  (See  pages  116-117.) 

When  it  is  necessary  to  supply  water  at  a level  higher  than 
the  pump,  force  pumps  are  often  used  instead  of  lift  pumps. 
The  simplest  type  of  force  pump  is  shown  in  Figure  136. 
When  the  piston  is  pulled  upward.  Valve  2 closes,  and  water 
rises  in  the  pump,  forcing  Valve  1 open,  as  in  the  lift  pump. 
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On  the  downward  stroke  of  the  piston,  Valve  1 is  closed  by 
the  pressure  above  it,  and  Valve  2 opens,  allowing  the  water 
to  be  forced  through  the  spout.  Note  that  in  the  case  of  the 
simple  force  pump,  the  water  flows  from  the  spout  only  on 
the  downstroke  of  the  piston. 

When  necessary  to  have  a steadier  stream  of  water,  an  air 
dome  is  added;  and  the  spout  is  made  smaller  (Figure  137). 
As  the  piston  moves  downward,  the 
water  is  forced  through  Valve  2 more 
rapidly  than  it  can  flow  from  the  small 
spout.  The  air  dome  acts  as  a reservoir 
to  hold  the  water  which  cannot  get  out 
through  the  spout  while  the  piston  is 
moving  downward.  Then,  while  the 
piston  is  moving  upward.  Valve  2 
closes  and  the  air  which  has  been 
compressed  in  the  dome  forces  the 
stored  water  out  of  the  dome  and 
through  the  spout.  In  this  manner  a 
continuous  stream  of  water  comes  from 
the  spout  during  both  the  upstroke 
and  the  downstroke  of  the  piston. 

A double-acting  force  pump  is  some- 
times used  in  city  pumping  stations  and  on  fire  engines 
(Figure  138).  Since  it  is  really  two  air-dome  force  pumps 
fastened  together  so  that  one  is  forcing  water  out  while  the 
other  is  filling  up,  a double-acting  pump  is  able  to  pump  water 
very  rapidly  and  steadily. 

The  most  modern  type  of  pump  for  use  in  handling  large 
quantities  of  water  is  the  centrifugal  pump  (Figures  139  and 
140).  A centrifugal  pump  has  a paddle  wheel,  or  impeller, 
inside  a water-tight  casing.  The  inlet  pipe  delivers  the  water 
at  the  hub,  or  centre,  of  the  impeller,  and  the  discharge 
pipe  leads  off  from  the  rim  of  the  impeller  at  a certain  angle. 
How  can  such  a simple  device  pump  water  effectively?  Let 
us  construct  a device  that  will  help  to  answer  this. 


190 


EVERYDAY  PROBLEMS  IN  SCIENCE 


Experiment  31.  How  does  a centrifugal  pump  work?  (a)  Secure 
a tin  can  at  least  four  inches  in  diameter.  See  that  the  top  is  cut 
off  evenly.  Cut  an  outlet  one  inch  high  and  two  inches  wide  in 
the  side  of  the  can  at  the  bottom  (see  Figure  139).  With  a medium- 
sized nail  punch  a hole  in  the  exact  centre  of  the  bottom.  Then 
fasten  the  “casing”  which  you  have  made  to  a board  by  driving 
three  tacks  or  small  nails  through  the  bottom  near  the  edges. 

Next,  construct  an 
impeller  by  making 
three  narrow  saw 
cuts  134  inches  deep 
in  the  end  of  a round 
stick  about  ^ inch 
in  diameter.  The  saw 
cuts  should  cross  each 
other  so  that  the  end 
of  the  stick  is  cut  into 
six  equal  parts,  as 
shown  in  Figure  139. 
For  the  blades  cut 
three  strips  of  tin  or 
sheet  iron  one  inch 
wide  and  3)^  inches 
long,  and  bend  each 
strip  in  the  centre  to 
form  a “V.” 

Now  slip  these  V- 
shaped  pieces  into 
the  saw  cuts  in  the 
end  of  the  stick  so 
that  the  six  blades 
project  at  equal  intervals.  Drive  a slender  nail  into  the  end  of  the 
impeller  at  the  centre  of  the  blades  so  that  it  will  fit  into  the  hole 
in  the  bottom  of  your  casing.  A heavy  wire  bearing  fastened  at 
the  top  of  the  casing  will  help  hold  the  shaft  of  the  impeller.  Be 
sure  that  the  wire  cuts  across  the  exact  centre  of  the  can;  other- 
wise, your  impeller  shaft  will  not  be  straight  up  and  down. 

Drop  several  small  marbles  into  the  casing  and  spin  the  impeller 
shaft  rapidly  between  your  hands.  What  do  the  marbles  do? 


Fig.  138.  A double-acting  force  pump.  Note 
that  there  is  water  on  both  sides  of  the  piston. 
The  piston  is  shown  moving  to  the  right. 
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Why?  Do  they  go  straight  out  from  the  centre,  or  do  they  move  ofif 
at  an  angle?  By  having  someone  tip  the  apparatus  up  at  an  angle  of 
45  degrees  while  you  spin  the  impeller,  you  can  make  the  marbles 
fly  up  into  the  air. 

(b)  Set  your  apparatus  in  a pan  in  which  there  is  at  least  two 
inches  of  water.  Have  someone  hold  it  firmly  on  the  bottom  while 
you  spin  the  shaft  again.  What  happens  to  the  water  inside  the 
can?  Can  you  think  of  a way  to  let  in  water  so  that  your  pump  can 
operate  continuously?  Where  should  the  inlet  be  placed  for  best 
results?  At  what  angle  should  the  outlet  meet  the  casing?  Why? 

(c)  Examine  a vacuum  cleaner, 
which  is,  in  reality,  a centrifugal  air 
pump.  If  possible,  remove  the  clean- 
ing nozzle.  Find  the  fan  or  impeller. 

Where  is  the  inlet  to  the  casing?  At 
what  angle  does  the  outlet  leave  the 
casing?  Turn  on  the  power  and  see 
how  the  air  is  pumped  into  the  dust 
bag.  Compare  the  vacuum  cleaner 
pump  with  Figure  139. 

And  now  let  us  see  how  a cen- 
trifugal pump  brings  water  from 
a well  or  river  and  forces  it  into 
the  mains.  If  you  tie  a stone  on 
a string  and  whirl  it  around,  you 
will  notice  that  the  stone  pulls  on 
your  hand  with  considerable  force. 

This  force  which  is  exerted  out- 
ward from  the  centre  is  called  centrifugal  force.  If  you  fill 
a bucket  partly  full  of  water,  you  can  whirl  it  over  and  over, 
and  the  water  will  not  run  out  so  long  as  you  whirl  it  rapidly. 
The  centrifugal  force  pushing  the  water  against  the  bottom 
of  the  pail  is  greater  than  the  pull  of  gravity  which  would 
ordinarily  cause  the  water  to  run  out  when  the  pail  is  upside 
down. 

The  impellers  of  centrifugal  pumps  are  driven  at  very  high 
speeds,  often  by  electric  motors  attached  directly  to  the 
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shaft  of  the  impeller.  Before  this  kind  of  pump  is  started,  it 
is  filled  with  water,  or  primed.  When  the  blades  revolve,  the 
water  is  thrown  out  by  centrifugal  force,  the  pressure  is 
lowered,  and  a partial  vacuum  is  created  at  the  centre  of  the 
pump.  The  pressure  of  the  air  on  the  water  in  the  well,  being 
greater  than  the  pressure  in  the  pump,  forces  water  upward 


Fig.  140.  A centrifugal  pump.  The  arrows  show  the  direction  in  which 
the  impeller  turns. 


into  the  centre  of  the  pump.  The  rapidly  moving  blades 
throw  the  water  through  the  outlet  pipe  into  the  mains.  A 
continuous  and  powerful  stream  of  water  is  thus  forced  into 
the  mains.  Centrifugal  pumps  are  able  to  move  more  water 
for  their  size  than  any  other  kind  of  pump.  They  have  re- 
placed the  double-acting  force  pump  in  many  city  pumping 
stations  and  on  fire  trucks. 

Suggested  Activity.  Figures  134  and  136  show  the  piston 
on  the  downstroke.  Make  a drawing  of  each  of  these  figures  to 
show  the  positions  of  the  valves  and  the  movement  of  the  water 
on  the  upstroke.  Also  draw  Figure  138,  and  show  the  positions 
of  the  valves  and  the  flow  of  the  water  when  the  piston  moves  to 
the  left. 

Self-testing  exercise  2.  Write  a paragraph  in  which  you  show 
the  characteristic  which  is  common  to  all  of  the  pumps  described. 

Self-testing  exercise  3.  Explain  why  some  pumps  can  produce 
a steady  stream  of  water,  while  others  cannot. 
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Fig.  141.  This  well  has  three  sources  of  contamination:  The  surface 
water,  the  cesspool,  and  the  barnyard  all  drain  into  it.  Correct  loca- 
tion of  a well  avoids  all  of  these  dangerous  conditions. 

Problem  2:  How  Is  the  Quality  of  the  Water 
Supply  Maintained? 

Study  Suggestion.  Obtaining  a good  water  supply  would  be 
relatively  ^simple  if  a sufficient  quantity  of  water  were  the  sole  re- 
quirement. As  you  learned  in  the  Story  of  the  unit,  we  must  also 
consider  the  quality  of  the  water.  Water  which  contains  a great 
deal  of  sediment,  undesirable  minerals,  gases  which  produce  bad 
odors,  and  germs  which  cause  disease  would  be  worthless.  Your 
problem  is,  therefore,  that  of  understanding  how  the  water  supply 
may  be  protected  from  impurities,  and  how  it  may  be  freed  from 
the  impurities  usually  present  in  it. 

How  is  the  source  of  our  water  supply  protected?  You 

have  probably  heard  the  old  saying,  “An  ounce  of  preven- 
tion is  worth  a pound  of  cure.”  In  obtaining  a water 
supply  this  should  be  the  “Golden  Rule,”  for  our  water 
supply  is  easily  contaminated  with  disease  germs  unless 
the  proper  precautions  are  taken.  There  are  three  main 
sources  of  pollution:  (1)  wastes  from  human  beings  and 
animals,  (2)  decaying  plant  and  animal  life,  and  (3)  garbage. 
Wastes  from  human  beings  and  animals  are  most  dangerous, 
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for  they  may  contain  germs  of  at  least  five  diseases:  typhoid, 
cholera,  diarrhoea,  enteritis,  and  dysentery. 

Shallow  wells  which  are  improperly  constructed  or  located 
are  common  sources  of  danger.  An  example  of  proper  and 
improper  well  construction  was  given  on  page  182.  Figure 
141  shows  a well  located  in  a most  dangerous  place. 

In  houses  where  the  well  is  used  as  a source  of  water,  and 
there  is  no  sewage  system,  it  is  necessary  to  construct  a cess- 
pool or  a septic  tank  to  dispose  of  the  sewage.  The  cesspool  is 
merely  a hole  in  the  ground,  ten  or  twelve  feet  deep  and  four 


or  five  feet  in  diameter. 
This  is  usually  lined  with 
stones.  It  is  intended  that 
the  solid  materials  will  be 
broken  up  by  the  bacteria 
and  form  liquids  which,  to- 
gether with  the  liquid  parts 
of  the  sewage,  will  soak  into 
the  ground.  At  the  best 
this  is  a very  insanitary 
method  of  sewage* disposal. 


Fig.  142.  A small  septic  tank. 


If  it  is  used,  the  cesspool  should  be  at  least  fifty  feet  from  the 
well,  and  its  drainage  should  be  away  from  the  water  supply. 
The  septic  tank  is  made  of  concrete  (Figure  142).  In  this 
device  the  solid  materials  are  changed  to  liquid,  which  passes 
from  one  section  to  another,  thus  insuring  complete  de- 
composition by  bacteria  before  it  drains  into  the  soil. 

It  is  a very  difficult  problem  to  safeguard  the  water  supply 
of  a city,  because  in  most  instances  the  source  of  supply  is 
surface  water.  Cities  which  obtain  their  water  from  rivers 
and  lakes  must  prevent,  if  possible,  the  discharge  of  sewage 
and  wastes  into  the  water  within  certain  distances  from  the 
city.  Most  cities  obtain  the  water  upstream  from  where  they 
empty  their  sewage,  but  they  do  not  always  consider  the 
danger  to  other  communities  located  downstream. 

The  purity  of  the  water  supply  depends  largely  on  the 
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proper  disposal  of  the  sewage.  A modern  and  scientific 
method  of  disposal  is  to  collect  the  sewage  into  very  large 
basins  or  septic  tanks,  where  the  sewage  is  partially  broken 
down  by  bacteria,  treated  with  a chemical,  such  as  hypo- 
chlorite of  lime,  and  then  drained  into  the  soil  or  into  a 
stream.  Another  method  is  shown  in  Figure  143.  As  a measure 
of  precaution  the  water  supply  should  be  regularly  tested  for 
disease-producing  germs. 


Fig.  143.  The  sewage  disposal  plant  of  a large  city.  The  sewage  is 
carried  by  huge  pipes  to  the  pumping  station.  The  liquid  materials 
are  pumped  to  the  aerator,  where  they  are  sprayed  into  the  air.  As 
they  trickle  over  the  broken  stone,  they  are  decomposed  and  purified 
by  bacteria  which  form  in  a thin  layer  on  the  stone.  From  there  they 
pass  to  the  settling  tank,  and  finally  through  the  sand  filter. 

Self-testing  exercise  4.  Why  is  the  problem  of  sewage  dis- 
posal in  a city  much  more  complicated  than  in  a rural  home? 

Self-testing  exercise  5.  How  is  your  local  water  supply  safe- 
guarded against  pollution? 

How  is  water  purified?  If  you  live  in  a city  which 
obtains  its  water  supply  from  a river,  you  have  perhaps 
wondered  how  the  muddy  water  in  the  river  can  be  made  fit 
for  drinking.  The  water  in  the  river  may  contain  all  sorts 
of  impurities,  such  as  decayed  animal  and  vegetable  matter. 
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Fig.  144.  A sand  water-filter  for  a large  city.  The  layers  of  sand  and  gravel 
are  made  very  thick  so  that  the  water  trickles  through  very  slowly.  (From 
Compton's  Pictured  Encyclopedia.  F.  E.  Compton  & Co.,  Publishers.) 


sewage  from  towns  along  the  banks,  and  disease-producing 
germs.  Yet  this  water  may  be  made  perfectly  safe,  by  a 
number  of  different  methods.  Perhaps  the  commonest  method 
of  removing  impurities  from  water  is  filtration. 

Experiment  32.  How  is  water  made  pure  by  filtration?  Tie  a 

cloth  over  the  bottom  of  a lamp  chimney  and  support  it  on  a tum- 
bler (Figure  145).  Pour  in  some  coarse  sand  to  make  a layer  about 
two  inches  thick.  Now  pour  in  fine 
sand  within  an  inch  of  the  top.  Make 
a mixture  of  muddy  water  and  pour  it 
in  at  the  top  of  the  chimney.  What 
change  takes  place  in  the  water? 

Figure  144  shows  a type  of  sand 
filter  commonly  used  by  many  cities. 
Analysis  of  the  water  shows  that 
soil  particles  and  practically  all  dis- 
ease-producing germs  are  removed 
by  this  process.  Figure  147  shows 
a filter  which  may  be  used  in  the 
home.  In  this  filter  the  water  is 
forced  by  the  pressure  in  the  water 


Fig.  145. 
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Fig.  146.  In  an  aerator  the  water  is  kept  continually  spraying  into 
the  air  so  that  by  means  of  sunlight  and  air  bacteria  may  be  killed, 
and  the  water  may  dissolve  more  oxygen. 


system  through  a porous  porcelain  tube  which  removes  all 
impurities. 

Another  practical  method  of  purifying  water  is  storing  it 
in  a reservoir  for  several  weeks.  Suspended  impurities,  such 
as  soil  particles,  slowly  settle  to  the 
bottom,  and  the  water  becomes  clear. 

This  does  not  mean  that  the  water  is 
yet  pure,  for  the  clearest  water  may 
contain  millions  of  disease  germs.  But 
because  the  reservoir  is  uncovered,  the 
germs  are  destroyed  by  the  sunlight  and 
by  the  oxygen  dissolved  in  the  water 
(Figure  146). 

In  cities  where  the  water  as  it  comes 
from  its  original  source  is  very  muddy, 
it  is  necessary  to  purify  it  by  another 
method.  Experiment  33  shows  how 
this  may  be  done. 

Experiment  33.  How  can  muddy  water 
be  cleared?  Fill  two  small  bottles  with 
muddy  water.  Put  a small  quantity  of  alum  pj^  147  A home  water 
solution  in  one  bottle.  Allow  the  two  bottles  filter. 
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to  stand,  observing  the  changes  in  appearance  of  the  water  in 
each  bottle.  After  twenty-four  hours  note  which  bottle  contains 
the  clearer  water. 

The  alum  forms  a great  many  sticky  flakes  in  the  water. 
As  they  form  and  become  heavier  than  water,  they  sink 
to  the  bottom.  Thus  they  collect  almost  all  of  the  bacteria 
and  particles  of  mud,  and  leave  the  water  quite  clear. 


Fig.  148.  Water  is  pumped  from  the  Saskatchewan  River  into  the  settling 
basins  at  Saskatoon,  where  some  of  the  impurities  settle  to  the  bottom. 
Now  refer  to  Figure  149. 


In  cases  where  the  water  supply  is  badly  contaminated, 
some  other  method  of  killing  the  disease-producing  germs 
must  be  used.  In  some  cities  this  is  done  by  putting  into  the 
water  a small  amount  of  chlorine  gas  or  of  bleaching  powder  i 
which  kills  the  germs.  These  materials  are  objectionable  in 
that  they  give  the  water  a peculiar  taste  if  they  are  used  in  ^ 
large  quantities.  Another  way  of  making  sure  that  the  water  ' 
is  free  from  disease-producing  germs  is  to  boil  it  for  half 
an  hour. 

Cities  which  must  use  very  impure  water  quite  commonly  j 
remove  the  impurities  by  a combination  of  methods.  In  | 
one  widely  used  plan  the  water  is  allowed  to  run  into  great 
settling  basins  where  more  than  half  the  mud  may  settle  to  ! 
the  bottom.  The  clearest  water  near  the  surface  is  then  led  ■ 
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away,  treated  with  alum  or  iron  sulphate,  as  in  Experiment 
33,  and  allowed  to  settle  a second  time.  Again  the  surface 
water  is  led  away,  this  time  to  be  filtered  through  sand  in 
order  to  remove  the  remaining  flakes  of  alum  with  the  mud 
and  bacteria  which  they  have  collected.  To  make  sure  that 
no  disease  germs  escape,  a small  amount  of  chlorine  is  usually 
added  to  the  water  before  it  is  pumped  to  the  homes.  If 


Fig.  149.  This  is  one  of  the  settling  basins  shown  in  Figure  148.  Note 
the  enormous  amount  of  mud  which  has  settled  from  the  water  and  which 
the  workmen  are^removing.  The  sediment  has  settled  from  the  muddy 
waters  of  the  swift-flowing  Saskatchewan. 

there  are  bad  odors  and  tastes  in  the  water,  aeration  may  be 
included  in  the  series  of  purification  processes. 

Sometimes  water  which  is  to  be  used  for  special  purposes 
must  be  completely  freed  from  its  dissolved  minerals,  as 
well  as  from  all  other  impurities.  Distillation  is  the  only 
method  which  will  remove  both  kinds  of  impurities. 

Experiment  34.  How  does  distillation  remove  impurities  from 
water?  Construct  an  apparatus  as  shown  in  Figure  150.  Fill  the 
flask  one-fourth  full  of  muddy  water  containing  two  or  three  tea- 
spoonfuls of  salt  or  sugar,  and  some  ink.  Heat  the  flask.  When 
the  water  commences  to  boil,  reduce  the  size  of  the  flame  so  that  it 
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will  boil  slowly.  Note  the  drops  of  water  which  collect  in  the 
delivery  tube  and  in  the  test  tube.  Examine  the  water  in  the  test 
tube.  Taste  it.  Is  it  pure? 

Distilled  water  is  suitable  for  chemical  experiments  and 
for  other  uses  which  require  small  amounts  of  very  pure 
water.  The  process  is  much  too  slow  and 
expensive  for  use  with  a city’s  supply. 

The  methods  of  purifying  water  which 
have  been  described  show  how  water  may 
be  freed  from  disease  germs,  sediment, 
and  undesirable  tastes  and  odors.  Practi- 
cally all  natural  waters,  with  the  exception 
of  rain  water,  contain  minerals  dissolved 
out  of  the  rocks  and  soil.  Some  of  these 
minerals  do  not  harm  the  water  supply. 
The  presence  of  certain  minerals,  such  as 
calcium  or  magnesium  sulphate,  is  unde- 
sirable for  several  uses.  When  a water 
containing  these  minerals,  that  is,  “hard  water,”  is  used  in 
boilers  to  make  steam,  the  minerals  remain  in  the  boilers 
and  form  a deposit  called  “boiler  scale.”  This  scale  causes 
the  boiler  to  heat  unequally,  and  also  increases  the  amount 
of  fuel  required  to  heat  the  water.  Hard  water  is  also  un- 
desirable for  laundry  purposes,  as  you  will  see  in  the  follow- 
ing experiment. 

Experiment  35.  Why  is  soft  water  more  desirable  than  hard 
water  for  laundry  purposes?  (a)  Make  a soap  solution  by  plac- 
ing Ivory  or  Castile  shavings  into  a bottle  of  rain  water  or  distilled 
water.  Add  shavings  until  no  more  soap  will  dissolve  after  the 
bottle  is  well  shaken. 

(6)  To  a test  tube  half  full  of  distilled  water  or  rain  water,  add 
the  soapy  water  made  in  (a)  drop  by  drop  (use  a medicine  dropper), 
shaking  after  each  drop.  (The  test  tube  should  be  stoppered,  or 
covered  securely  with  the  thumb,  while  shaking.)  When  a layer 
of  lather  about  one-half  inch  deep  remains  on  top  of  the  water  for 
a minute,  the  test  is  complete.  How  many  drops  are  necessary  to 
make  this  lather? 
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(c)  Repeat  (b),  using,  instead  of  distilled  water,  water  from  a 
well  or  from  the  city  supply.  Compare  the  amount  of  soap  re- 
quired to  make  a lather  with  the  amount  required  for  the  same 
volume  of  distilled  water, 

{d)  Make  up  some  very  hard  water  by  dissolving  some  calcium 
sulphate  or  magnesium  sulphate  in  distilled  water.  Repeat  (b). 
Hold  the  test  tube  up  to  the  light  and  note  the  tiny  flakes  in  the 
water.  Compare  the  amounts  required  in  (a),  (6),  and  (c).  What 
is  your  conclusion? 

The  next  question  which  we  must  answer  is,  “Why  does 
it  take  more  soap  to  make  suds  with  hard  water  than  it  does 
with  soft  water?’’  When  soap  was  added  to  the  hard  water 
in  part  (d)  of  the  preceding  experiment,  your  attention  was 
called  to  the  white  flakes  which  were  formed.  These  flakes 
were  formed  by  the  combination  of  the  soap  with  the  minerals 
in  the  water.  The  new  materials  which  were  formed  were  not 
soluble  in  water;  so  they  separated  out  as  solids.  Chemists 
say  that  such  insoluble  materials  are  precipitated,  because 
they  settle  to  the  bottom.  Before  the  soap  would  form  suds, 
it  was  necessary  to  remove  all  of  the  minerals  which  caused 
the  soap  to  precipitate.  After  this  was  done,  the  soap  could 
form  suds  and  remove  the  dirt. 

Fortunately,  the  water  supply  of  many  cities  is  “soft’’ 
enough  for  laundry  purposes.  In  a few  cities  whose  water 
supply  is  hard,  water-softening  plants  have  been  established 
to  remove  the  undesirable  minerals.  It  has  been  estimated 
that  the  soft  water  supplied  to  Manchester  saves  the  city 
£80,000  yearly  in  the  cost  of  soap  and  soda. 

Experiment  36.  What  effect  do  borax,  washing  soda,  and  am- 
monia have  upon  hard  water?  (a)  For  use  in  this  experiment 
make  some  hard  water  as  in  part  {d)  of  Experiment  35.  Take  one- 
half  test  tube  of  this  water  and  determine  the  number  of  drops  of 
soap  necessary  to  make  a lather. 

{b)  Add  a pinch  of  borax  to  the  same  volume  of  water.  What 
is  formed?  Determine  the  number  of  drops  of  soap  necessary  to 
make  a lather  after  the  borax  is  added. 
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(c)  Repeat  (b),  using  a pinch  of  washing  soda.  Compare  the 
results  with  (&), 

(d)  Repeat  (b),  adding  about  five  drops  of  strong  ammonia 
water.  Compare  results  with  (&). 

(e)  Summarize  the  results  of  this  experiment. 

Suggested  Activity.  Discover  what  is  done  in  your  city  to 
purify  the  water  supply.  Visit  the  plant,  if  possible,  and  find  out 
just  how  this  purification  is  accomplished. 

Self-testing  exercise  6.  Summarize  the  methods  used  in  puri- 
fying water.  First,  list  the  impurities  which  must  be  eliminated, 
and  then  give  the  methods  which  may  be  used  to  eliminate  each 
kind  of  impurity. 

Problem  3:  How  Is  Water  Delivered  to  the 
Consumer? 

Study  Suggestion.  We  will  assume  now  that  the  city  has  an 
abundant  quantity  of  pure  water.  This  water  must  be  distributed 
to  you.  When  a faucet  is  opened,  the  water  should  rush  forth  in  a 
steady  stream.  In  this  problem  you  will  learn  how  the  pressure 
necessary  to  force  the  water  from  the  source  to  you  is  obtained. 

In  supplying  water  for  a city  it  is,  of  course,  necessary  to 
distribute  the  water  from  the  source  to  the  consumer.  This 
is  accomplished  by  forcing  the  water  through  a series  of 
large  water  mains  with  side  branches,  or  laterals.  These 
mains  are  sunk  five  or  more  feet  below  the  surface  of  the 
ground.  At  this  depth  the  temperature  remains  nearly  con- 
stant at  all  seasons  of  the  year ; hence  there  is  no  danger  from 
freezing.  A connection  is  then  made  for  each  building  with 
the  lateral  main. 

Probably  the  simplest  way  of  keeping  up  the  pressure  is 
to  make  use  of  the  force  of  gravity.  Cities  situated  near  high 
mountain  ranges  often  build  dams  across  the  mountain 
streams.  The  water  fills  the  reservoir  above  a dam  and  runs 
into  the  upper  end  of  a huge  pipe,  or  aqueduct,  which  leads 
down  to  the  water  mains  of  the  city.  The  place  where  the 
water  runs  into  the  pipes  is  so  much  higher  than  the  city 
that  there  is  always  a great  deal  of  water  in  the  pipes  above 
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the  faucets.  Gravity  is  pulling  downward  on  all  the  water, 
so  that  in  all  the  lower  parts  of  the  system  there  is  a great 
pressure  which  tends  to  force  the  water  out  of  the  pipes. 

Towns,  factories,  and  country  homes  which  are  not  near 
hills  or  mountains  use  gravity  to  produce  pressure  by  build- 
ing elevated  reservoirs  or  standpipes  of  various  types.  Some 
are  steel  cylinders  with  straight  sides  (Figure  152).  Others 


Fig.  151.  In  supplying  water  to  a small  city,  the  water  is  pumped  from 
the  river  or  lake  into  the  mains.  Small  pipes,  called  laterals,  carry  the 
water  from  the  mains  to  the  houses. 


are  small  tanks  or  reservoirs  held  up  in  the  air  by  a steel 
framework  (Figure  153).  These  reservoirs  are  usually  filled 
by  pumps  which  take  the  water  from  a much  lower  source 
of  supply.  Why  are  these  reservoirs  usually  located  in  the 
highest  place  available? 

Two  hundred  years  ago  in  London,  the  pumps  which  were 
used  to  fill  the  hill-top  reservoirs  were  worked  by  horses 
and  lifted  the  water  very  slowly.  The  reservoirs  were  very 
small,  holding  only  enough  water  to  fill  mains  a quarter  of 
a mile  away.  The  result  was  that  householders  were  allowed 
to  run  water  only  for  an  hour  or  so,  two  or  three  days  a week, 
and  in  that  time  must  fill  cisterns  to  provide  water  when 
the  valves  to  their  houses  were  closed.  When  fires  occurred, 
the  primitive  system  of  water  distribution  was  useless  more 
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than  a quarter  of  a mile  from  the  reservoir.  Thus,  when  a 
disastrous  fire  broke  out,  once,  in  St.  James’s  Palace,  there 
was  no  water  in  the  mains,  and  the  ten  fire  engines  had  to 
be  coupled  in  a long  line  to  take  water  from  the  Thames, 
providing  only  one  stream  to  pour  on  the  flames. 

Experiment  37.  How  high  will  water  rise  in  pipes  connected 
with  a reservoir  or  standpipe?  Connect  to  a large  pail  or  jar, 
fitted  with  a stopper  through  a hole  in  the  bottom,  a long  rubber 
delivery  tube.  Place  the  jar  on  a high  table 
or  cabinet  several  feet  above  the  level  of  the 
sink  or  open  window.  Close  the  end  of  the 
delivery  tube  with  a clamp,  or  bend  the 
tube  so  that  the  water  cannot  flow  through 
it.  Fill  the  jar  with  water.  Attach  to  the 
end  of  the  delivery  tube  an  upright  glass  tube, 
three-eighths  or  one-halfi  inch  in  diameter, 
and  long  enough  to  reach  above  the  level  of 
the  water  in  the  jar.  The  jar  represents  a 
reservoir  or  standpipe,  and  the  delivery  tube 
may  be  considered  a water  or  service  pipe. 

(a)  Open  the  pinch  clamp  slowly.  How 
high  does  the  water  rise  in  the  delivery  tube? 

{h)  Substitute  for  the  large  glass  tube  one 
of  smaller  diameter.  Repeat  (a).  Does  the 
diameter  of  the  water  main  determine  how 
high  the  water  rises? 

(c)  Substitute  for  the  large  jar  a much 
smaller  jar  and  repeat  (a).  Does  the  diam- 
eter or  volume  of  a reservoir  determine  the 
height  to  which  the  water  rises? 

{d)  Summarize  the  results  of  this  experiment. 


Fig.  152.  This  steel, 
straight-sided  stand- 
pipe is  100  feet  high 
and  22  feet  in  diam- 
eter. How  many  gal- 
lons of  water  does  it 
hold?  (One  gallon 
equals  277  cu.  in.) 


A second  method  of  keeping  up  the  pressure  in  the  pipes  is 
used  in  many  large  cities.  Huge  pumps  are  connected 
directly  to  the  water  mains  and  are  run  continuously.  The 
pressure  can  be  regulated  by  the  amount  of  power  which  is 
applied  to  the  pumps.  When  there  are  thousands  of  homes 
and  factories  using  water  from  the  pipes,  the  number  of 
faucets  being  closed  at  any  one  time  will  be  about  the  same 
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as  the  number  being  opened.  Thus  the  amount  of  water 
needed  does  not  change  greatly  from  minute  to  minute, 
and  the  pumps  can  keep  the  pressure  quite  even. 

A combination  of  the  pump  method  and  the  gravity  method 
is  used  when  the  pumps  are  unable  to  keep  up  the  pressure, 
or  the  source  of  supply  does  not  furnish  enough  water  during 
the  rush  hours.  A standpipe  or  reservoir  is  connected  to  the 
water  mains  of  the  city.  During  the  hours  when  little  water 
is  being  used,  it  fills  up  with  the  unused 
water.  Later,  when  the  pumps  are  unable 
to  meet  the  demand,  the  water  runs  from 
the  reservoir  into  the  mains  and  helps  to 
keep  up  the  pressure.  Such  reservoirs  are 
also  of  great  value  in  case  extra  water  is 
needed  because  of  a fire  or  a “breakdown” 
of  the  pumps.  Thus,  in  many  cities  stand- 
pipes and  reservoirs,  in  connection  with 
pumping  stations,  insure  a constant  sup- 
ply of  water. 

Cities  which  have  very  tall  buildings 
cannot  be  expected  to  supply  pressure 
enough  to  make  water  reach  the  upper 
floors  of  such  buildings.  Even  if  they  were 
able  to  do  so,  the  pressure  at  lower  levels 
would  be  too  great  to  be  conveniently 
controlled.  To  reach  the  top  of  the  highest 
building  in  the  British  Empire,  water 
must  be  under  a pressure  of  more  than 
two  hundred  pounds  per  square  inch,  while  the  ordinary 
city  pressure  is  not  more  than  fifty  pounds  to  the  square  inch. 
Such  buildings  have  individual  water  pressure  systems.  Pumps 
are  placed  in  the  basement,  and  reservoirs  are  located  at  vari- 
ous levels  throughout  the  building  to  give  the  correct  pressure 
on  all  floors. 

Still  another  type  of  pressure  system,  known  as  the  pneu- 
matic-tank or  air-pressure  system,  is  very  convenient  for 
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buildings  not  connected  with  a city  water  supply.  A large 
tank  is  placed  in  the  basement  and  connected  to  a force 
pump  and  to  the  water  pipes  of  the  building  (Figure  154). 
The  pump  forces  water  into  the  tank  in  such  a way  as  to 


Fig.  154.  This  pneumatic-tank  water-supply  system  is  designed  for  use 
in  farm  homes. 

compress  the  air  inside.  The  air  keeps  up  the  pressure  after 
the  pump  stops  and  forces  the  water  up  through  the  pipes 
to  the  faucets.  The  system  shown  in  Figure  154  is  operated  by 
power  from  a windmill.  A gasoline  engine  or  an  electric  motor 
could,  of  course,  be  equally  well  used. 

Suggested  Activities.  1.  What  method  does  your  own  city  or 
town  use  to  distribute  its  water?  If  possible,  secure  your  information 
from  your  own  observation. 

2.  Find  a city  in  your  locality  which  uses  a different  method  of 
distributing  water  from  that  used  in  your  system.  Discover  the 
reason  for  this  difference,  describe  the  system,  and  be  ready  to 
explain  how  the  system  operates. 

Self-testing  exercise  7.  Under  what  circumstances  would  a city 
use  (1)  The  pull  of  gravity  to  produce  the  force  necessary  to  dis- 
tribute the  water,  (2)  a pumping  system,  and  (3)  a combination  of 
pumping  system  and  reservoirs? 
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Problem  4:  How  Is  the  Water  Supply  Controlled 
IN  Our  Buildings? 

Study  Suggestion.  To  control  the  flow  of  water  some  device 
is  necessary  to  open  and  close  the  pipes.  Where  the  water  has  been 
used  for  washing  purposes,  the  waste  water  must  be  carried  away. 
To  obtain  hot  water  it  is  necessary  to  provide  some  method  of 
heating  the  pipes  which  deliver  the  water  to  the  hot-water  faucet. 
To  describe  how  the  devices  operate  to  do  these  things  is  the  pur- 
pose of  this  problem.  To  understand  how  a device  operates  you 
must  first  see  clearly  the  purpose  for  which  the  device  is  used. 
Second,  you  must  examine  it,  or  a drawing  of  it,  to  see  how  it  is 
made.  Third,  you  must  see  what  changes  take  place  in  the  position 
of  the  various  parts  during  its  operation;  and  fourth,  you  must 
understand  how  this  change  in  position 
achieves  the  purpose  of  the  device. 

How  do  faucets  control  the  flow  of 
water?  In  order  that  the  water  may  not 
be  wasted,  it  is  necessary  that  we  have 
some  devices  to  turn  it  on  and  off  when 
we  use  it.  This  is  commonly  done  by  Fig.  155.  A screw- 
means  of  faucets  and  flush-tanks.  faucet. 

Figure  155  shows  a section  of  the  commonest  type  of 
faucet.  The  handle  is  seen  to  be  attached  to  a screw  which 
fits  into  the  upper  part  of  the  faucet.  The  lower  end  of  this 
screw  is  usually  faced  with  a flat  fibre  or  leather  washer. 
This  flat  washer  covers  the  circular  opening,  or  seat,  at  the 
bottom.  If  the  handle  is  turned,  the  washer  is  raised,  and 
the  water  can  flow  through  the  opening.  When  the  faucet  is 
turned  off,  the  screw  fbrces  the  leather  washer  down  against 
the  opening  and  the  water  is  shut  off. 

The  handle  rod  usually  has  some  packing  of  cotton  twine 
around  it.  Sometimes  this  packing  gets  loose  and  the  faucet 
leaks.  Also,  after  a time  the  washer  may  become  worn,  and 
the  water  will  trickle  out.  It  has  been  estimated  that  a 
trickle,  only  one  sixty-fourth  inch  in  size,  will  waste  seventy 
gallons  of  water  per  day.  In  order  to  prevent  this  waste  of 
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water,  all  of  the  working  parts  of  the  faucet  must  be  kept  in 
good  condition.  It  is  very  easy  for  any  boy  or  girl  to  repair 
a leaky  faucet  in  a home,  for  it  is  necessary  only  to  remove 
the  handle  with  a wrench  and  either  to  tighten  the  packing 
or  to  replace  the  old  worn  washer  with  a new  one. 

In  our  houses  we  are  careful  to  see 
that  the  faucets  are  not  left  open,  but  in 
hotels  and  in  other  public  places  much 
water  is  wasted  if  the  screw  type  of  fau- 
cet is  used.  To  control  this,  self-closing 
faucets  have  been  devised.  Figure  156 
shows  a section  of  this  type  of  faucet. 
When  the  handle  is  turned,  the  screw 
causes  the  plunger  to  move  upward, 
compressing  the  spring.  The  spring 
forces  the  plunger  back  when  the  han- 
dle is  released,  shutting  off  the  water. 

Another  common  type  of  faucet  is  shown  in  Figure  157. 
The  flow  of  the  water  in  the  faucet  is  controlled  by  a ball  of 
rubber  which  presses  tightly  against  the  opening.  When  the 
handle  is  turned,  the  ball  is  pushed  backward,  and  the  water 
flows  through  the  opening.  It  is  fairly  easy  to  repair  a faucet 
of  this  type.  What  part  would  you  replace? 

How  do  flush-tanks  operate?  One  of 
the  necessary  sanitary  devices  for  con- 
trolling the  water  supply  in  the  house  is 
the  flush-tank,  connected  with  the  toilet 
(Figure  158).  The  flush-tank  is  generally 
located  on  a pipe  above  the  toilet,  but  in 
some  cases  it  is  built  into  the  wall.  If 
you  remove  the  lid  of  the  tank,  you  see 
a hollow  copper  ball  about  four  inches 
in  diameter.  This  ball  floats  on  the  water.  By  pulling  on  a 
chain,  pressing  a button,  or  turning  a lever,  the  outlet  valve 
is  opened,  and  floats  in  the  water  while  the  tank  empties 
into  the  bowl.  As  the  water  sinks,  the  copper  ball  sinks  with 


faucet. 


Fig.  156.  A self-closing 
faucet. 
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it  and  opens  the  inlet  valve,  which  is  attached  to  the  other 
end  of  the  rod  connected  with  the  ball,  and  the  water  enters 
the  tank.  The  outlet  valve  slowly  sinks  back  into  position 
and  closes  the  opening  into  the  bowl,  and  the  tank  fills  with 
water.  The  copper  ball  rises  with  the  water,  closing  the 
inlet  valve,  and  the  tank  is  ready  to  repeat  the  operation. 
At  times,  on  account  of  their  worn  condition  or  improper 
adjustment,  these  valves  may  not  completely  shut  off  the 
flow  of  water  into  the  tank  or  into  the  bowl.  While  the 
flush-tank  is  refilling,  a special  pipe  pours  enough  water  into 
the  bowl  to  prevent  the  sewer  gas  from  entering  the  room. 


Self-testing  exercise  8.  Make 
a drawing  of  the  flush-tank, 
showing  the  position  of  the  va- 
rious parts  when  the  float-ball 
is  down.  If  you  can  remove  the 
lid  of  the  flush-tank  in  your  house, 
do  so.  Operate  the  lever  or  chain 
and  observe  what  happens  inside 
the  tank. 


How  is  hot  water  supplied? 

A very  common  appliance  for 
obtaining  hot  water  is  the  stor- 
age tank  connected  with  the 
kitchen  range  (Figure  159). 
The  storage  tank  is  supplied 


from  the  water-supply  system,  Fig.  158.  A flush-tank  and  bowl, 
the  water  entering  at  the  top. 

A pipe  connects  the  tank  with  a coil  of  pipes  or  a water-front 
in  the  stove.  Another  pipe  carries  the  hot  water  back  to 
the  storage  tank.  Coils  are  often  put  in  furnaces,  also. 

Experiment  38.  How  is  the  water  in  the  storage  tank  heated? 

(a)  Obtain  a straight  glass  tubing  three-eighths  of  an  inch  in  diam- 
eter and  about  three  feet  long.  Bend  as  shown  in  Figure  160. 
(Straight  tubes  connected  with  rubber  tubing  can  be  used  if  desired.) 
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Obtain  a bottle  with  the  bottom  cut  ofif  or  a straight  lamp  chimney, 
fit  a two-holed  cork  in  one  end,  and  arrange  the  apparatus  as 

shown.  Drop  some  sawdust  thor- 
oughly soaked  in  water  into  the 
tubes  and  also  into  the  bottle.  Fill 
the  apparatus  with  water. 

(b)  Heat  one  tube  of  the  appa- 
ratus by  moving  a small  flame  rapidly 
up  and  down  the  lower  part  of  the 
tube  at  the  corner  marked  +.  Ob- 
serve that  the  height  of  the  water 
in  the  bottle  is  increased.  Why? 
Note  the  movement  of  the  water  as 
shown  by  the  sawdust  particles. 
Does  the  cold  water  move  up  or 
down?  In  which  direction  does  the 
warm  water  move? 

In  many  buildings  heating  coils 
are  placed  in  the  fire-boxes  of 
furnaces  to  furnish  hot  water. 
These  coils  may  or  may  not  be 
connected  with  a storage  tank.  If  they 
are  not  connected  with  a tank,  the  hot 
water  is  soon  exhausted  when  the  faucet 
is  opened,  because  the  water  may  flow 
through  the  pipes  faster  than  it  can  be 
heated.  This  type  of  hot-water  supply  has 
the  same  disadvantage  as  the  kitchen- 
range  water  supply,  namely,  that  hot 
water  can  be  furnished  only  when  a fire 
is  burning  in  the  heater. 

The  most  satisfactory  hot-water  sup- 
ply is  obtained  in  houses  which  are  con- 
nected with  artificial  or  natural  gas.  The 
heater  usually  consists  of  a coil  of  copper 
water  pipes  surrounded  by  an  iron  jacket 
and  connected  with  a hot-water  tank 


connected  to  a kitchen  range. 


Fig.  160. 
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(Figure  161).  The  heat  from  the  flame  passes  upward  and 
circulates  around  the  water  pipes,  which  offer  a large  amount 
of  surface  to  the  flame,  thus  heating  the  water  very  quickly. 
The  gas  is  burned  inside  of  the  jacket  at  the  base  of  the  heat- 
ing coils,  and  the  size  of  the  flame  is  controlled  automatically. 
At  the  bottom  of  the  storage 
tank  is  a copper  tube,  which 
expands  when  heated  and 
contracts  when  cooled.  This 
copper  tube  is  connected 
with  the  gas  supply.  When 
the  water  is  cold, . the  tube 
contracts  and  opens  the  gas 
valve.  As  the  water  is  heat- 
ed, the  tube  expands  and 
closes  the  valve.  A small 
pilot  light  is  always  left 
burning,  and  the  heater 
needs  no  attention.  With 
the  gas  heater  hot  water  is 
always  available  in  any 
quantity,  and  the  amount 
of  fuel  burned  depends  upon 
the  amount  of  water  used. 

How  is  waste  water  re- 
moved? Another  problem  in 
the  control  of  water  in  the 
house  is  the  removal  of  the  waste  water.  This  is  a matter 
which  is  of  importance,  not  only  from  the  standpoint  of 
convenience,  but  also  from  that  of  health.  Every  house 
which  is  supplied  with  city  water  must  also  have  a drainage 
system.  Figure  162  shows  the  plumbing  in  a modern  resi- 
dence. You  will  notice  that  below  each  bathtub  or  sink  there 
is  a curve  in  the  pipe.  This  curve,  or  trap,  is  always  full  of 
water  and  prevents  sewer  gas,  which  is  both  unpleasant  and 
dangerous,  from  entering  the  house.  The  soil  pipe,  which 
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extends  above  the  house,  prevents  these  gases  from  accumu- 
lating in  the  drainage  system.  Examine  Figure  162  and  locate 
the  traps  and  soil  pipe.  Sometimes  the  traps  get  filled  with 
grease  or  other  materials,  and  the  water  will  not  flow  out. 
If  concentrated  lye  or  boiling  water  is  frequently  poured 

into  the  drain,  this 
grease  will  not  accu- 
mulate, and  the  water 
will  not  be  blocked. 
Cans  of  material  spe- 
cially prepared  for 
this  purpose  may  be 
purchased  at  hard- 
ware stores.  In  case 
solids  get  lodged  in 
this  trap,  another 
remedy  is  used.  A 
small  plug  which  is 
usually  placed  in  the 
lower  bend  of  the 
trap  is  unscrewed, 
and  the  materials  are 
taken  out. 

Suggested  Activity. 
(a)  Examine  the  drain- 
age system  of  your 
house.  Make  a drawing 
of  the  different  kinds  of 
traps  used,  (b)  Make  a 
drawing  of  the  water 
system  in  your  house, 
showing  the  supply  and 
drainage  systems. 


modern  residence. 


Fig.  162.  Plumbing  in 

Note  that  the  water-supply  system  has  no 
connection  with  the  sewage  system. 

Self-testing  exercise  9.  Explain  how  a faucet,  a flush-tank,  and  a 
hot-water  heater  operate.  Use  the  method  presented  in  the  Study 
Suggestion  on  page  207;  that  is,  tell  what  its  purpose  is,  how  it  is 
made,  and  how  its  parts  change  position  in  operation. 
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Summary  exercise  on  Unit  V.  Make  a list  of  all  the  principles, 
or  big  ideas,  of  science  that  you  have  learned  from  your  study  of 
this  unit.  State  each  principle  in  sentence  form. 

Additional  Exercises 

1.  Why  is  it  often  necessary  to  “prime”  a pump,  that  is,  to  pour 
a little  water  into  the  cylinder,  when  it  has  not  been  used  for  some 
time? 

2.  In  Unit  II  you  learned  that  the  air  pressure  is  approximately 
15  pounds  per  square  inch.  If  a cubic  inch  of  water  weighs  .0362 
pound,  how  many  feet  will  water  rise  in  a pipe  below  the  piston  of 
the  pump  from  which  all  of  the  air  is  removed? 

3.  In  a driven  well  which  is  very  deep  the  piston  must  be  placed 
deep  in  the  ground.  Why?  Make  a drawing  showing  the  location 
of  the  different  parts  of  a pump  in  a deep  well,  and  explain  how 
the  water  is  brought  to  the  surface  of  the  ground. 

4.  Make  a list  of  the  possible  causes  of  a leaky  faucet,  and 
state  how  you  would  remedy  them. 

5.  What  parts  of  the  flush-tank  are  most  likely  to  get  out  of  order? 

6.  Why  do  some  wells  and  springs  go  dry  at  certain  seasons? 

7.  Mountain  streams  usually  furnish  a pure  water  supply.  Why? 

8.  Why  is  cistern  water  sometimes  dangerous  to  drink?  What 
impurities  may  it  contain? 

9.  How  can  the  crew  of  a ship  prepare  fresh  water  out  of  sea 
water?  How  does  nature  do  it? 

10.  A housewife  finds  that  water  flows  with  greater  force  from 
the  faucet  at  midnight  than  at  midday.  Explain. 

11.  Why  does  a layer  of  white  material  or  scale  often  collect  in 
the  bottom  of  a teakettle? 

12.  Why  is  it  not  a good  practice  to  drink  from  streams  or  dug 
wells  in  country  districts? 

13.  If  water  which  has  been  distilled  is  sprayed  into  the  air,  it 
will  regain  most  of  the  taste  it  lost  during  the  process  of  distillation. 
Explain. 

14.  Cisterns  are  sometimes  constructed  so  that  a brick  wall 
divides  the  cistern  into  two  parts.  The  water  from  the  roof  of  the 
house  flows  into  one  side  of  the  cistern,  and  the  water  for  the  house 
supply  is  drawn  from  the  other  side.  What  is  the  advantage  of 
this  method  of  construction? 
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15.  Why  do  water  pipes  often  burst  when  the  water  in  them 
freezes? 

16.  Gymnasium  shoes  are  often  equipped  with  “suction”  soles. 
Explain  how  these  soles  prevent  one  from  slipping. 

17.  Place  two  glasses  of  the  same  size  in  hot  water  (not  too  hot, 
or  they  will  break).  Then  place  one  glass  in  the  other  and  allow 
them  to  stand  for  a few  minutes.  Why  is  it  hard  to  separate  them? 

18.  Why  can  the  cover  of  a fruit  jar  be  removed  more  easily  if  the 
point  of  a knife  is  inserted  under  the  rubber? 

19.  In  pouring  oil  from  a can,  it  is  usually  necessary  to  have 
another  hole  in  the  can.  Why? 

20.  In  drinking  lemonade  through  a straw,  the  straw  will  flatten 
out  if  a seed  sticks  in  the  bottom  of  it.  Explain. 

21.  If  a bottle  of  water  is  inverted  so  that  the  water  runs  out, 
the  water  will  gurgle  rather  than  flow  in  a steady  stream.  Explain. 

22.  Place  two  books  about  two  inches  apart  on  a table.  Place 
a paper  over  the  opening.  Now  blow  between  the  books  under 
the  paper.  Explain  what  happens. 

23.  Flywheels  on  engines  sometimes  fly  to  pieces  if  they  are 
rotated  too  rapidly.  Explain. 

24.  Fill  a glass  tumbler  full  of  water.  Cover  it  with  a cardboard 
a little  larger  than  the  size  of  the  glass,  pressing  the  cardboard  lightly. 
Then,  without  touching  the  cardboard,  quickly  turn  the  glass  up- 
side down.  Why  does  the  water  remain  in  the  glass? 

25.  Submerge  a small  glass  tube  in  a pan  of  water.  Place  your 
finger  tightly  over  one  end  and  remove  the  tube  from  the  water. 
Why  does  the  water  remain  in  the  tube? 

The  topics  and  projects  for  this  unit,  given  at  the  back  of  the 
book,  offer  you  the  opportunity  to  show  that  you  are  willing  and 
able  to  do  independent  work. 


UNIT  VI 


HOW  CAN  ONE  KEEP  IN  GOOD  PHYSICAL 
CONDITION? 

Preliminary  Exercise 

Write  a composition  entitled  “Keeping  Physically  Fit.’’  Tell  all 
you  know  about  your  own  body  and  how  you  should  take  care  of  it. 

The  Story  of  Unit  VI 

Under  whatever  conditions  we  live,  our  first  problem  is 
that  of  keeping  well,  for  both  our  efficiency  and  our  comfort 
depend  upon  our  health.  It  is  said  that  a Chinaman  pays  his 
doctor  to  keep  him  well,  and  that  the  doctor’s  pay  stops  when 
he  gets  sick.  Whether  or  not  this  is  true,  it  is  not  a bad  idea, 
for  an  ounce  of  prevention  in  matters  of  health  is  worth  a 
pound  of  cure. 

Our  present  indoor  life  makes  the  problem  of  keeping  well 
more  complicated  than  it  was  in  the  days  when  man  spent 
most  of  his  time  outdoors.  Buildings  and  houses  must  be 
properly  heated  and  ventilated  in  order  to  assist  in  keeping 
the  human  machine  in  its  best  condition.  A large  proportion 
of  our  population  do  no  hard  physical  work.  This  makes  it 
necessary  for  them  to  obtain  their  exercise  after  work  hours. 
In  the  business  world  the  struggle  has  become  so  intense  that 
man  must  keep  incessantly  “on  the  job’’  in  order  to  succeed. 
This  “speeding  up’’  of  life  in  the  modern  world  has  resulted 
in  a greater  strain  on  the  human  body  and  has  required  us 
to  pay  careful  attention  to  our  bodily  needs. 

The  human  body  consists  of  many  systems  which  work 
together  harmoniously  (Figures  163  and  166).  Each  has  a 
special  work  to  do.  For  example,  the  body  is  supported  by  a 
framework  of  bones,  known  as  the  bony  system.  Attached  to 
the  bones,  which  make  up  the  skeleton,  are  sets  of  muscles, 
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composing  the  muscular  system,  which  enable  us  to  move  our 
arms,  legs,  fingers,  head,  and  ribs.  In  addition  to  these  parts 
of  the  body  whose  movements  we  can  see,  there  are  other 
internal  parts,  such  as  the  stomach,  intestines,  and  heart, 
which  also  are  moved  by  the  action  of  muscles.  The  duty  of 
the  digestive  system,  which  consists  of  the  teeth,  stomach,  and 
intestines,  is  to  prepare  the  food  so  that  it  may  be  used  by 
the  body.  A special  system  is  required,  however,  to  carry 
the  food  to  the  different  parts  of  the  body.  This  is  the  duty 
of  the  circulatory  system,  which  consists  of  the  heart,  blood 
vessels,  and  blood.  Oxygen  is  necessary  to  obtain  energy  from 
the  food.  The  respiratory  system,  which  consists  of  the  lungs 
and  air  passages,  secures  this  oxygen  from  the  air  and  also 
throws  off  certain  wastes  which  are  formed  when  the  foods 
combine  with  oxygen.  Here  again  the  circulatory  system 
must  carry  the  oxygen  to  the  cells  and  the  wastes  away 
from  them. 

Other  wastes  from  the  foods  and  broken-down  cells  are 
eliminated  by  the  excretory  system,  which  includes  the  intes- 
tines, kidneys,  liver,  and  skin.  You  can  see  that  every  system 
of  the  body  must  be  in  good  working  order,  because  every 
part  of  the  body  is  dependent  upon  every  other  part.  Of 
course,  in  a complex  machine  of  this  kind  there  must  be 
some  controlling  force  which  will  direct  the  activities  of  the 
different  parts.  This  is  the  work  of  the  brain,  spinal  cord, 
and  nerves,  which  make  up  the  nervous  system. 

In  the  different  systems  mentioned  above  are  many  organs, 
each  of  which  has  some  special  part  to  play  in  the  body.  For 
example,  the  stomach  and  intestines  are  organs,  each  of  which 
has  a particular  use  in  the  digestive  process.  The  organs 
themselves  are  made  of  different  kinds  of  material  called  tis- 
sues. Muscles,  bones,  glands,  nerves,  and  tendons  are  all  tis- 
sues, and  each  has  a definite  work,  or  function,  to  perform. 

As  you  know,  the  cell  is  the  smallest  unit  into  which  liv- 
ing material  can  be  divided,  and  for  this  reason  it  is  called 
the  structural  unit  of  living  matter.  One  might  compare  the 


Fig.  163.  The  systems  of  the  human  body  must  be  in  good  work- 
ing order  if  one  is  to  enjoy  good  health. 
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cells  to  the  grains  of  sugar  which  make  up  a cake  of  loaf 
sugar.  They  differ,  however,  from  the  grains  of  sugar  in 
that  there  are  many  different  kinds  of  cells  in  the  body, 
each  of  which  has  a special  work  to  do. 

To  keep  the  cells,  tissues,  organs,  and  systems  in  good 

condition,  so  that  there  will 
be  good  teamwork,  is  the 
problem  of  keeping  well. 
Three  kinds  of  material,  each 
in  the  proper  amount,  are  es- 
sential to  one’s  physical  well- 
being— pure  food,  pure  water, 
and  pure  air.  To  understand 
how  these  materials  are  used 
by  the  body  and  how  to  take 
care  of  the  various  parts  of 
the  body  which  prepare  these 
materials  for  use  makes  for 
proper  living. 

Two  other  necessities  which 
are  intimately  connected  with 
healthy  living  are  proper  ex- 
ercise and  rest.  Exercise  helps 
get  rid  of  undesirable  wastes 
in  the  body  and  also  assists 
the  various  organs  of  the  body 
in  their  work.  Rest  and  sleep 
give  the  cells  in  the  body 
time  to  make  new  protoplasm  and  thus  rebuild  and  repair 
the  cells  which  are  broken  down. 

Keeping  physically  fit  is  thus  a matter  which  is  largely 
within  the  control  of  every  individual.  It  consists  in  practis- 
ing healthful  habits  of  living.  To  know  what  these  habits 
are  and  the  reasons  for  them,  and  then  to  practise  them  day 
by  day  until  they  become  a part  of  us  will  enable  us  to  live 
longer  and  more  comfortably. 


Fig.  164.  Various  kinds  of  cells  are 
found  in  the  human  body. 
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Problem  1:  What  Happens  to  the  Food  We  Eat? 

Study  Suggestion,  In  this  problem  you  will  study  the  different 
steps  in  the  process  of  changing  food  so  that  it  may  be  of  use  to 
the  body.  You  must  think  of  this  process  as  a series  of  changes. 
For  example,  the  food  which  passes  into  the  stomach  is  not  the 
same  as  the  food  taken  into  the  mouth.  The  food  which  passes 
out  of  the  stomach  is  not  the  same  as  the  material  which  entered. 
In  other  words,  you  must  try  to  understand  the  changes  which 
take  place  in  the  food  until  it  is  finally  absorbed  by  the  cells  of 
the  body. 

Why  must  food  be  digested  before  it  can  be  used  by  the 
body?  You  already  know  that  the  food  you  eat  is  changed 
into  body  material  or  is  used  for  supplying  energy.  Since 
the  food  must  be  transported  to  all  parts  of  the  body  by  the 
blood,  it  must  pass  through  the  walls  of  the  digestive  organs 
to  the  blood.  This  can  take  place  only  if  the  foods  are  in 
the  form  of  a solution.  Since  most  of  the  food  we  eat  is 
solid,  it  must  be  dissolved  before  it  can  be  absorbed  and  pass 
into  the  blood.  Some  foods,  such  as  cane  sugar,  even  though 
they  are  soluble,  must  be  changed  chemically  before  the  body 
can  make  use  of  them.  Digestion  is  the  process  of  dissolving 
foods  and  changing  them  chemically  into  forms  which  can 
be  absorbed  by  the  cells  of  the  body. 

Experiment  39.  How  can  solids  be  dissolved?  (a)  Add  a pinch 
of  salt  or  sugar  to  a test  tube  half  full  of  water,  and  shake.  Hold 
the  test  tube  up  to  the  light.  What  has  become  of  the  solid?  When 
a solid  mixes  with  a liquid  so  that  the  particles  are  no  longer  visible, 
the  solid  is  said  to  be  in  solution;  that  is,  the  solid  has  dissolved. 

(fe)  Drop  a small  piece  of  limestone  or  marble  about  the  size  of 
a pea  into  a little  water  and  shake  it.  Does  it  dissolve?  Add  5 
cc.  of  hydrochloric  acid  to  the  water.  Notice  the  small  bubbles  of 
carbon-dioxide  gas  which  are  formed.  Allow  it  to  stand  until  the 
next  day.  What  finally  becomes  of  the  limestone? 

From  the  first  part  of  the  experiment  you  see  that  sugar  or 
salt  will  dissolve  if  it  is  placed  in  water.  There  are  many  ma- 
terials which  dissolve  in  this  manner.  Not  all  materials, 
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however,  will  dissolve  in  water.  Limestone,  for  example,  is 
not  soluble  in  water.  One  might  think  that  the  limestone 
dissolved  in  the  acid,  but  this  is  not  the  case.  The  acid 
acted  upon  the  limestone  and  produced  a chemical  change  in 
it.  When  a material  is  changed  chemically,  it  becomes  a 
new  material.  The  hydrochloric  acid  combined  with  the 

limestone  and  produced 
carbon-dioxide  gas,  which 
passed  off  into  the  air  and 
left  a new  substance  called 
calcium  chloride.  The  cal- 
cium chloride  is  soluble  in 
water;  so  it  dissolved  and 
disappeared.  Digestion  is 
accomplished  in  our  body 
in  a similar  way.  Various 
digestive  fluids  are  found  in 
the  digestive  organs.  These 
fluids  either  dissolve  our  foods  or  change  them  into  new  ma- 
terials which  will  dissolve. 

How  is  food  digested  in  the  body?  The  teeth  perform  the 
first  act  in  the  process  of  digestion.  They  are  so  constructed 
that  they  can  tear,  grind,  and  cut  the  food.  When  the  foods 
are  ground  up,  they  may  be  easily  penetrated  by  the  digestive 
fluids  of  the  mouth,  stomach,  and  intestines.  In  order  that 
the  food  be  thoroughly  masticated,  one  must  eat  slowly. 
This  has  two  values:  it  reduces  the  food  to  small  bits,  and 
it  encourages  the  flow  of  the  digestive  fluids.  Both  of  these 
actions  result  in  more  thorough  digestion. 

Experiment  40.  Why  does  the  reduction  of  food  to  small  bits 
aid  in  digestion?  Obtain  two  pieces  of  rock  salt,  each  about  the 
size  of  a hickory  nut.  Break  one  of  the  pieces  into  twenty  or  thirty 
small  pieces.  Place  the  larger  piece  in  a beaker  of  water  and  the 
smaller  pieces  in  another  beaker  of  water.  Does  the  larger  piece 
of  salt  or  do  the  smaller  pieces  dissolve  the  quicker?  Apply  these 
results  to  the  question  of  the  experiment. 


Fig.  165.  Location  of  the  three  pairs 
of  salivary  glands  in  the  mouth. 
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During  mastication  the  food  is  mixed  with  a fluid  called 
saliva.  This  is  manufactured  in  the  salivary  glands  (Figure 
165)  and  is  forced  into  the  mouth  through  ducts.  It  has  two 
uses:  first,  it  moistens  dry  foods,  like  crackers,  so  that  they 
may  be  easily  swallowed;  second,  it  digests  the  starch.  You 
remember  that  foods  like  potatoes  contain  large  quantities 
of  starch.  This  starch  must 
be  digested  before  it  can 
pass  through  the  walls  of  the 
intestines;  this  is  partially 
accomplished  by  the  saliva. 

Experiment  41.  What  effect 
does  saliva  have  upon  starch? 

(a)  Drop  a small  piece  of  starch 
about  half  the  size  of  a pea  in 
a test  tube  half  full  of  water. 

Shake  the  tube  vigorously.  Does 
it  dissolve?  Test  the  contents 
of  the  tube  for  sugar  (Experi- 
ment 24,  page  153). 

(&)  Add  some  saliva  to  a sec- 
ond test  tube  containing  starch  and  water.  Place  the  tube  in  a 
beaker  of  water,  and  keep  the  temperature  of  the  water  at  100°F. 
for  twenty  minutes.  Test  the  contents  of  the  tube  for  sugar.  What 
effect  does  the  saliva  have  upon  the  starch? 

After  the  food  is  thoroughly  masticated  and  moistened  with 
saliva,  it  passes  back  through  the  mouth  into  the  esophagus, 
which  opens  into  the  stomach.  The  stomach  is  a pear-shaped 
muscular  organ  with  a capacity  of  from  three  to  five  pints. 
Its  inside  wall  is  covered  with  a thin  membrane  which  con- 
tains the  gastric  glands.  The  gastric  glands  manufacture 
gastric  juice,  which  aids  in  the  digestion  of  proteins. 

Experiment  42.  What  effect  does  gastric  juice  have  upon  pro- 
teins? (a)  Artificial  gastric  juice  can  be  prepared  by  mixing  one- 
half  gram  of  pepsin  (which  can  be  obtained  at  any  drug  store)  with 
2 cc.  of  hydrochloric  acid  and  50  cc.  of  water. 
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Fig.  166.  Digestive  system  of  man. 
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(b)  Boil  an  egg  in  some  water.  Cut  the  white  of  the  egg  into 
small  bits,  or  press  it  through  a wire  gauze.  Add  a small  portion 
of  this  to  the  artificial  gastric  juice,  and  keep  the  temperature  at 
about  100°F.  for  two  or  three  hours.  What  effect  does  the  gastric 
juice  have  upon  the  egg? 

(c)  Repeat  (&),  using  the  same  amount  of  egg  and  artificial 
gastric  juice,  and  shake  the  test  tube  often.  Compare  the  results 

obtained  with  those  obtained 
in  part  (&).  What  effect  does 
shaking  have  upon  the  rate  of 
digestion? 

The  action  of  the  gastric 
juice  on  the  foods  is  assisted 
by  the  muscles  of  the  stom- 
ach. When  these  muscles 
contract,  they  become  short- 
er and  thicker;  when  they 
relax,  they  become  longer 
and  narrower.  By  alter- 
nately contracting  and  re- 
laxing they  keep  the  con- 
tents of  the  stomach  in  motion  and  thus  mix  the  foods  with 
the  gastric  juice. 

The  contents  of  the  stomach  are  emptied  into  the  small 
intestine,  which  is  a coiled  tube  about  twenty-two  feet  long. 
Here  the  food  is  further  mixed  with  intestinal  juice,  with 
bile  from  the  liver,  and  with  pancreatic  juice,  manufactured 
by  the  pancreas  (Figure  166).  These  juices  act  upon  all 
kinds  of  food  and  complete  the  work  of  dissolving  digestible 
parts  of  the  food.  Most  of  the  food  is  absorbed  through  the 
walls  of  the  small  intestine  by  the  blood  (Figure  168).  Some 
of  the  food,  both  digested  and  undigested,  together  with  the 
digestive  juices,  passes  into  the  large  intestine  (Figure  166). 
Here,  much  of  the  remaining  moisture  is  absorbed  through 
the  walls,  while  the  undigested  food  is  gathered  and  passed 
out  of  the  body,  or  excreted. 


Fig.  167.  The  inside  walls  of  the 
stomach  are  lined  with  folds  of 
muscles  which  aid  in  digestion. 
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The  alimentary  tract,  or  canal,  is  thus  essentially  a con- 
tinuous tube  extending  from  the  mouth  to  the  external 
opening  of  the  large  intestine.  Some  parts  of  this  tube  are 
larger  than  others  because  they  serve  different  purposes. 
Into  this  tube  the  digestive  glands  pour  thin  secretions 
which  dissolve  the 
food  materials  so  that 
they  may  be  absorbed. 

How  can  we  help 
our  digestive  organs 
to  do  their  work? 

The  first  requirement 
for  good  digestion  is 
sound  teeth . Y ou  have 
seen  in  Experiment  40 
that  small  pieces  of 
materials  are  more 
easily  dissolved  than 
large  pieces.  The 
teeth  are  thus  neces- 
sary to  reduce  the 
food  to  small  parti- 
cles. Teeth,  however,  are  subject  to  decay  and  must  be  pro- 
tected. Figure  169  shows  a longitudinal,  or  lengthwise,  section 
of  a tooth  with  its  parts  labelled.  When  the  outside  enamel, 
which  is  very  hard,  is  worn  off,  the  softer  parts  on  the  inside 
soon  decay.  This  decay  is  caused  by  the  action  of  certain 
bacteria  which  form  an  acid  from  the  bits  of  food  left  be- 
tween the  teeth.  To  prevent  the  formation  of  this  acid,  the 
teeth  should  be  cleaned  thoroughly  after  each  meal.  It  is 
well  worth  while  to  have  a dentist  examine  the  teeth  once  or 
twice  a year  to  detect  spots  which  are  decaying  and  which 
may  be  filled  before  they  are  large  enough  to  cause  pain  or  loss 
of  the  tooth.  The  dentist  can  also  detect  the  beginning  of  the 
disease  known  as  pyorrhoea,  and  prevent  the  loosening  and  loss 
of  teeth  which  follows  if  this  disease  is  allowed  to  go  untreated. 


Fig.  168.  This  cross-section  of  the  small 
intestine  shows  the  or  small  projections, 
which  absorb  the  digested  food. 
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Eating  the  proper  kind  of  food  also  helps  to  keep  the 
teeth  and  gums  in  good  condition.  The  teeth  are  largely 
made  of  minerals.  To  provide  these  minerals  and  to  insure 
that  they  will  be  built  into  good  hard  teeth,  we  should  use 
plenty  of  milk  and  leafy  vegetables.  Teeth  and  gums  need 
exercise  just  as  do  other  parts  of  the 
body.  Firm  foods,  such  as  raw  vege- 
tables and  fruits,  require  vigorous 
chewing  and  thus  provide  the  needed 
exercise. 

Proper  digestion  is,  of  course, 
closely  related  to  the  kind  of  food 
which  one  eats.  This  we  have  al- 
ready discussed  in  Unit  IV.  One 
common  difficulty  which  arises  from 
the  use  of  improper  food  is  consti- 
pation, that  is,  infrequency  in  the 
elimination  of  undigested  food  from 
intestines.  Usually,  elimination  of 
waste  materials  takes  place  once  a 
day.  If  the  waste  materials  are  held 
too  long,  certain  undesirable  effects 
may  be  produced.  For  this  reason 
it  is  desirable  that  evacuation  take 
place  once  every  twenty-four  hours. 
In  case  this  does  not  happen  naturally,  drink  a glass  of  water 
when  you  retire  at  night,  and  also  when  you  get  up  in  the 
morning;  eat  more  fruit,  vegetables,  and  coarse  foods,  such 
as  bran  bread,  and  in  most  cases  relief  will  be  obtained.  Fur- 
thermore, it  is  advisable  to  heed  the  sensations  which  indi- 
cate the  necessity  for  evacuation  whenever  they  occur. 

Self-testing  exercise  1.  Write  a story  telling  the  experiences 
of  a piece  of  bread  from  the  time  you  eat  it  until  it  is  completely 
digested  and  absorbed  by  the  cells  of  the  body.  Be  sure  to  tell 
where  each  kind  of  food  substance  in  the  bread  is  digested.  (See 
Figure  166,  page  221.) 


Fig.  169.  A longitudinal 
section  of  a tooth. 
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Problem  2:  What  Becomes  of  the  Air  We  Breathe? 

Study  Suggestion.  Air,  as  you  know,  enters  the  nose  and 
passes  into  the  lungs.  How  the  part  of  the  air  which  is  used  by  the 
body  is  distributed  all  through  the  body,  and  how  certain  waste 
products  are  passed  back  into  the  air  are  the  problems  which  you 
must  now  solve. 

Why  do  we  need  air?  It  is  hard  to  realize  that  material 
may  be  invisible.  Yet  you  live  in  an  ocean  of  air  composed 
of  colorless  gases.  Chemists  have  very  accurately  deter- 
mined what  these  gases  are  and  the  quantity  of  each,  as 
shown  by  Table  8. 


TABLE  8.  Approximate  Composition  of  Air 


Nitrogen  

78% 

Carbon  dioxide . 

04% 

Oxygen 

21% 

Water  vapor  . . 

• Varying  amounts 

Argon  

94% 

Unfortunately  the  air  you  breathe  is  not  always  pure.  It 
may  contain  smoke,  dust  particles,  or  disease  germs.  These 
dust  particles  may  be  seen  by  means  of  a simple  experiment. 

Experiment  43.  How  can  the  dust  particles  in  the  air  be  made 
visible?  Select  a room  which  has  windows  on  the  south.  Choose  a 
day  when  the  sun  is  very  bright,  and  pull  down  the  shades  so  that 
the  room  is  quite  dark.  Now  pull  one  of  the  shades  aside  so  that 
a thin  streak  of  sunlight  can  enter  the  room.  Observe  the  path  of 
the  sunlight  through  the  darkened  room.  What  do  you  see? 

If  we  know  what  materials  are  contained  in  the  air  we 
breathe,  we  can  compare  its  composition  with  that  of  the  air 
which  we  expel  from  our  lungs.  In  this  way  we  may  obtain  a 
clue  as  to  why  we  need  air. 

Experiment  44.  How  does  the  air  which  is  expelled  from  the 
lungs  differ  from  the  air  which  enters  the  lungs?  (a)  Take  the 
temperature  of  the  air  in  the  room;  then  breathe  on  the  thermometer 
for  a time.  What  is  the  result? 

{b)  Blow  your  breath  against  a cold  windowpane.  What  do 
you  see  on  the  windowpane? 
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(c)  Place  a lighted  candle  in  a wide-mouthed  bottle  (Figure 
170),  cover  with  a glass  plate,  and  note  how  long  it  burns.  Now 
fill  the  bottle  with  water  and  arrange  it  as  shown  in  Figure  171. 
Blow  into  it  through  the  rubber  tube  until  it  is  full  of  expired  air. 

Place  a glass  plate  under  the  mouth  of 
the  bottle  and  then  invert  it  so  that  the 
mouth  of  the  bottle  is  up.  Light  a can- 
dle, slide  the  glass  plate  to  one  side,  and 
lower  the  candle  into  the  bottle,  imme- 
diately covering  the  mouth  of  the  bottle 
with  a glass  plate.  Note  how  long  the 
candle  burns.  Compare  the  time  it 
burns  in  expired  air  with  the  time  it 
burns  in  ordinary  air.  (Remember  that 
burning  is  caused  by  oxygen.)  How  do 
you  account  for  the  results? 

(d)  Heat  a small  piece  of  charcoal  in 
a flame  until  it  glows  red.  Then  quickly  drop  it  into  a dry  bottle 
and  cover  it  with  a glass  plate.  Wait  until  the  charcoal  “goes 
out,’’  and  then  pour  a little  limewater  into  the  bottle  and  again 
cover  it  with  the  glass  plate.  Shake 
the  bottle  vigorously  for  a minute  or 
two  and  note  that  the  limewater  turns 
milky.  This  is  the  chemist’s  test  for 
carbon  dioxide.  Pour  a little  limewater 
into  a bottle  of  ordinary  air  and  shake 
it.  Does  it  turn  milky?  What  does 
this  show?  Now  insert  a glass  tube 
into  the  limewater  and  blow  through 
it  for  several  minutes.  How  do  you  ac- 
count for  the  change  in  the  limewater? 

Your  experiment  shows  you  that  expired  air  is  different 
from  ordinary  air  in  four  respects:  (1)  its  temperature  is 
higher;  (2)  it  contains  more  water  vapor;  (3)  it  contains  less 
oxygen;  and  (4)  it  contains  more  carbon  dioxide.  It  is  not 
possible  by  a simple  experiment  to  show  what  happens  to 
the  germs  and  dust  particles  which  enter  the  lungs.  Un- 
doubtedly, some  of  the  germs  remain  in  the  lungs,  and 


Fig.  171. 


KEEPING  IN  GOOD  PHYSICAL  CONDITION  227 


others  are  expelled.  The  dust  particles  may  also  remain  in 
the  lungs,  and  sometimes  serious  trouble  may  result. 

The  point  of  greatest  importance  in  our  experiment  is  the 
change  in  the  composition  of  the  air  from  the  standpoint  of 
its  oxygen  and  carbon-dioxide  content.  Part  of  the  oxygen 
has  been  taken  from  the  air.  You  have  already  learned  that 
this  oxygen  combines  with 
the  food  materials  to  pro- 
duce the  energy  necessary 
to  carry  on  our  activities 
and  heat  to  keep  our  bodies 
warm.  When  you  consider 
that  a man  cannot  live 
more  than  three  minutes 
without  oxygen,  you  can 
see  why  a constant  supply 
of  air  is  needed.  The  car- 
bon dioxide  present  in  ex- 
pired air  is  one  of  the  prod- 
ucts given  off  when  these 
food  materials  are  oxidized. 

Since  oxidation  must  take 
place  in  the  cells  where  the  food  is  used,  it  is  evident  that  the 
oxygen  must  be  transported  from  the  lungs  to  each  of  the 
millions  of  cells  which  make  up  the  body.  And  furthermore, 
the  carbon  dioxide,  which  is  a waste  product  of  these  cells, 
must  be  transported  from  the  cells  to  the  lungs  where  it  can 
be  eliminated. 

How  is  oxygen  delivered  to  the  cells  and  carbon  dioxide 
removed  from  them?  Let  us  first  see  where  the  air  which 
comes  in  through  the  nose  goes.  From  the  nose,  the  air 
passes  into  the  pharynx  (Figure  177,  page  230),  then  down 
into  the  windpipe,  or  trachea.  The  trachea  divides  into  two 
branches,  the  left  and  right  bronchi,  when  it  reaches  the 
lungs.  The  bronchi  divide  and  subdivide  until  the  branches 
are  extremely  small.  Each  tiny  branch  ends  in  an  enlarged 


Fig.  172.  The  two  branches  of  the 
trachea  in  the  lungs,  the  bronchi,  di- 
vide further  into  many  small  branches 
that  end  in  tiny  air  sacs,  which  are 
surrounded  by  blood  vessels. 
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space  known  as  an  air  sac.  The  linings  of  these  air  sacs  are 
folded  inward  to  form  a great  number  of  smaller  sacs.  This 
results  in  a great  increase  in  the  amount  of  surface  exposed 
to  the  air.  It  is  estimated  that  the  area  of  the  linings  of  the 
lungs  is  approximately  2150  square  feet.  This  is  almost 
equal  to  the  total  area  of  the  ceiling,  floor,  and  walls  of  a 
room  that  is  20x30x10  feet  in  size.  It  is  hard  to  believe 
that  such  a tremendous  area  can  be  obtained  within  one’s 
lungs,  but  such  is  the  case. 

All  of  the  air  passages  and 
sacs  in  the  lungs  are  lined  with 
a membrane  containing  thou- 
sands of  tiny  blood  vessels,  the 
capillaries.  The  oxygen  passes 
through  the  linings  of  the  air 
sacs  and  the  walls  of  the  cap- 
illaries into  the  blood.  Float- 
ing in  the  blood  are  innumer- 
able small  bodies,  called  red 
corpuscles  (Figure  174).  They 
contain  a material  which  com- 
bines with  the  oxygen.  The 
capillaries  in  the  lungs  flow 
together  and  form  a large 
blood  vessel,  the  pulmonary 
vein,  which  enters  the  left 
auricle  of  the  heart  (Figure 
173).  The  blood  then  passes 
through  a valve  into  the  left 
ventricle  of  the  heart.  The 
walls  of  the  heart  are  com- 
posed largely  of  muscles. 

When  these  muscles  contract,  they  put  pressure  upon  the 
blood  in  the  same  manner  as  the  piston  in  a force  pump 
presses  upon  the  water.  When  the  walls  of  the  left  ventricle 
contract,  the  blood  is  forced  out  through  a large  artery. 


Capillaries  of  head, 
chest,  and,  arms- 


Right  auricle 


Capillaries  of  legs 


Fig.  173.  This  diagram  shows  the 
route  that  the  blood  follows  as  it 
circulates  through  all  parts  of  the 
body.  The  impure  blood  is  indi- 
cated by  the  shaded  part. 
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the  aorta.  This  artery  divides  and  subdivides  until  finally  it 
is  broken  up  into  countless  capillaries,  which  are  distrib- 
uted throughout  the  body. 

The  capillaries  come  in  close  con- 
tact with  the  millions  of  cells  in  the 
body.  Part  of  the  blood,  called  the 
plasma,  oozes  through  the  walls  of  the 
capillaries  and  fills  the  spaces  between 
the  cells.  The  red  corpuscles  give  up 
their  oxygen,  and  this  oxygen  passes 
with  the  plasma  into  the  spaces  be- 
tween the  cells.  From  here  the  oxy- 
gen passes  into  the  cells.  At  the  same  time  the  waste  carbon 
dioxide  passes  out  from  the  cells  and  into  the  blood  stream. 
Thus  the  oxygen  is  exchanged  for  the  carbon  dioxide  by  the 
cells.  The  capillaries  unite  to  form  larger  and  larger  veins 
which  finally  enter  the  right  side  of  the  heart,  the  right  au- 
ricle. The  blood  then  passes  into  the  right  ventricle  from 
which  it  is  pumped  to  the  lungs.  In  the  lungs  the  carbon 
dioxide  is  absorbed  by  the  air  and  is  exhaled.  A new  load  of 
oxygen  is  taken  up  by  the  blood,  and  the  process  which  has 

been  described  is  repeated. 
The  length  of  time  required 
for  the  blood  to  pass  com- 
pletely through  the  body  is 
about  one  minute.  A constant 
supply  of  oxygen  is  thus  avail- 
able, and  also  a constant  re- 
moval of  carbon  dioxide. 

How  can  we  help  the  lungs 
to  do  their  work?  There  are 
two  entrances  through  which 
air  can  get  into  the  body : the 
mouth  and  the  nose.  The  proper  way  to  breathe  is  through 
the  nose.  Inside  the  nose  are  many  fine  hairs  which  act  as  a 
sieve  in  sifting  out  some  of  the  larger  dust  particles.  The 


Fig.  175.  There  is  a constant  ex- 
change of  oxygen  and  food  for 
carbon  dioxide  and  waste  products 
by  the  cells. 


Fig.  174.  One  drop  of 
blood  contains  about  fifty 
million  corpuscles. 
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actual  surface  of  the  inner  nose  is  very  great  because  of  the 
projection  of  the  turbinate  bones  (Figure  176)  which  extend  in- 
to the  passage.  These  bones  are  covered  with  a thin,  moist 

mucous  membrane.  As  the  air 
passes  over  this  membrane,  dust 
particles  and  germs  are  caught  by 
the  sticky  surface.  This  mem- 
brane also  contains  many  blood 
vessels,  and  the  heat  which  es- 
capes from  them  warms  the  air 
before  its  entrance  into  the  body. 
You  can  easily  understand  why 
it  is  necessary  to  breathe  through 
the  nose.  Mouth  breathing  not 
only  looks  bad,  but  it  permits 
the  impurities  in  the  air  to  enter 
the  lungs,  thus  increasing  the  like- 
lihood of  disease. 

In  case  you  have  continued  difficulty  in  breathing  through 
the  nose,  you  should  ask  a physician  to  examine  the  air 
passages.  Sometimes  they  are  deformed  and  partially  closed 
by  nose  injuries  suffered  in  childhood. 

In  other  cases  they  are  almost  or  en- 
tirely closed  by  enlarged  adenoids. 

Adenoids  are  masses  of  tissue  at  the 
back  of  the  nasal  passages  (Figure 
177).  Their  removal  is  a simple  oper- 
ation for  a skilled  physician. 

Since  breathing  is  such  an  important 
process,  it  is  necessary  that  all  parts 
of  the  breathing  mechanism  be  kept 
in  good  order.  Probably  one  of  the 
most  important  health  habits  which 
one  can  acquire  is  the  habit  of  deep 
breathing  through  the  nose.  If  deep  breathing  is  not  practised, 
part  of  the  lung  surface  is  not  used.  As  a consequence,  the 


Fig.  177.  Location  of  the 
adenoids  and  tonsils. 


Fig.  176.  The  turbinate  bones 
in  the  nose. 
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unused  parts  are  readily  attacked  by  disease  germs.  To  prevent 
shallow  breathing  one  must  stand  and  sit  erect.  The  clothing 
around  the  chest  and  waist  should  be  loose  enough  so  that 
it  will  not  interfere  with  the  elevation  of  the  ribs,  which 
takes  place  when  air  enters  the  body.  Plenty  of  exercise, 
which  results  in  deep  breathing,  insures  that 
all  parts  of  the  lung  surface  are  in  use. 

Another  important  condition  in  keeping 
the  breathing  mechanism  in  good  order  is 
proper  ventilation  of  our  buildings.  Ventila- 
tion accomplishes  two  results:  it  brings  in 
fresh  air,  and  it  gets  rid  of  the  air  which  has 
been  changed  by  breathing.  When  possible, 
the  air  should  come  into  the  room  through 
several  small  openings  rather  than  one  large 
opening.  That  is,  in  a room  having  several 
windows,  some  should  be  raised  slightly  at 
the  bottom  and  others  lowered  slightly  from 
the  top.  This  permits  a free  circulation  of  air  and  at  the 
same  time  prevents  strong  drafts.  Especial  attention  should 
be  given  to  sleeping-rooms.  In  Unit  X you  will  learn  more 
about  the  securing  of  proper  ventilation,  both  in  homes  and 
in  large  buildings. 

Suggested  Activity.  Obtain  a large  bell  jar  such  as  is  shown  in 
Figure  178.  Bore  a hole  through  a cork,  and  insert  a glass  tube 
in  it.  Fasten  a toy  balloon  on  one  end  of  the  glass  tube,  as  shown  in 
Figure  178,  and  insert  the  cork.  Cover  the  lower  end  of  the  jar 
with  a sheet  of  elastic  rubber,  and  fasten  it  securely.  Now  pull  the 
rubber  out.  Note  what  happens  to  the  toy  balloon.  Now  release 
the  rubber.  Explain  what  happens  when  the  rubber  is  pulled  out 
and  released.  This  experiment  shows  how  air  is  forced  in  and  out 
of  the  body  during  breathing.  Read  some  textbook  in  physiology 
to  discover  just  how  the  body  is  constructed  so  that  this  process 
can  take  place. 

Self-testing  exercise  2.  Trace  the  journey  of  a particle  of  oxy- 
gen from  the  time  it  enters  the  nose  until  it  is  given  off  again  as  a 
particle  of  carbon  dioxide. 


Fig.  178. 
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Problem  3:  Why  Is  Plenty  of  Exercise 
AND  Rest  Necessary? 

Study  Suggestion.  Exercise  and  rest  are  necessary  to  correct  a 
condition  which  is  brought  about  by  the  activities  in  which  we 
engage.  What  this  condition  is,  and  how  it  is  corrected,  are  the 
questions  which  you  should  keep  in  mind  as  you  study  this  problem. 

Why  do  we  get  tired?  Everyone  knows  that  at  the  end 
of  the  day  he  feels  the  need  for  rest  and  sleep.  If  we  have 
been  exercising  strenuously,  we  are  perhaps  more  tired  than 
if  we  have  been  doing  comparatively  little  muscular  work. 
Even  sitting  at  a desk  all  day  results  in  a tired  feeling.  As 
a matter  of  fact,  there  is  always  a great  deal  of  activity  going 
on  inside  the  body.  The  muscles  of  the  heart  and  those 
which  are  concerned  with  breathing  movements  are  in  cease- 
less activity.  Other  muscles  which  help  hold  the  body  erect 
must  also  do  their  duty. 

Any  work  which  the  body  carries  on,  either  physical  or 
mental,  requires  the  expenditure  of  energy.  This  energy  must 
come  from  the  food  we  eat.  In  the  process  of  oxidation, 
through  which  our  energy  is  secured,  the  cell  materials  are 
broken  down,  and  waste  products  are  formed.  We  have 
already  seen  that  carbon  dioxide  is  formed  in  this  process. 
In  addition,  other  products  result,  and  these  tend  to  accu- 
mulate and  to  some  extent  poison  the  cells.  It  is  the  accumu- 
lation of  these  fatigue  products  in  the  tissues  which  gives  rise 
to  our  feeling  of  being  tired.  To  get  rid  of  this  tired  feeling, 
we  must  get  rid  of  these  waste  products. 

How  does  exercise  help  us  to  get  rid  of  waste  materials? 
Exercise  is  particularly  necessary  for  the  brain  worker.  When 
one  studies  hard,  an  increased  supply  of  blood  is  sent  to  the 
brain,  which  diminishes  the  quantity  in  the  stomach,  muscles, 
and  other  parts  of  the  body.  This  condition  interferes  with 
the  proper  removal  of  waste  products  from  these  parts. 
Exercise,  however,  changes  the  demand  in  the  body  for 
blood.  The  blood  is  thus  withdrawn  from  the  brain  and 
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sent  to  the  muscles,  which  are  in  need  of  more  oxygen.  The 
whole  circulation  of  the  body  is  thus  changed.  Another 
change  in  the  circulation  also  takes  place,  as  is  shown  in  the 
following  experiment. 

Experiment  45.  What  effect  does  exercise  have  upon  the  rate 
at  which  the  heart  beats?  (a)  When  your  heart  pumps  blood 
into  the  arteries,  a wave  of  blood  is  sent  through  them.  In  order 
to  count  the  number  of  heartbeats  per  minute  it  is  only  necessary  to 
find  a place  where  there  is  an  artery  close  to  the  surface  of  the  body. 
This  can  be  found  in  the  wrist  or  behind  the  ear.  After  you  have 
been  sitting  still  for  some  time,  find  out  how  many  times  your 
heart  beats  per  minute  by  taking  your  pulse. 

(b)  Take  some  light  exercise  and  again  count  your  pulse.  How 
do  the  results  obtained  while  you  are  quiet  differ  from  those  taken 
immediately  after  exercise? 

When  one  exercises,  the  heart  beats  faster,  and  the  blood 
circulates  more  rapidly.  More  oxygen  and  food  are  thus 
carried  to  the  cells,  and  the  wastes  of  the  cells  are  removed 
more  rapidly.  These  changes  which  take  place  as  the  result 
of  exercise  keep  the  whole  circulatory  system  in  good  work- 
ing order.  With  exercise,  the  rate  of  breathing  increases, 
and  we  use  our  lungs  to  their  fullest  capacity.  This  enables 
us  to  obtain  a sufficient  supply  of  oxygen  to  meet  the  in- 
creased rate  of  blood  flow  and  also  to  get  rid  of  the  wastes 
formed  as  a result  of  the  rapid  burning  of  food  and  the 
destruction  of  body  cells. 

Another  very  important  result  of  exercise  is  the  increase 
in  the  amount  of  perspiration  poured  on  the  skin.  Perspira- 
tion contains  some  of  the  body  wastes,  and  thus  the  skin  is 
one  of  the  important  organs  of  excretion.  The  kidneys  and 
liver  are  also  organs  of  excretion,  and  they  are  frequently 
overworked,  especially  if  we  eat  large  quantities  of  protein 
food.  (See  page  164.)  Exercise,  by  increasing  the  amount  of 
perspiration  poured  on  the  skin,  thus  helps  the  kidneys  and 
liver  to  remove  body  wastes. 

Exercise  is  also  valuable  in  helping  to  keep  the  muscles 
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covering  the  abdomen  strong  and  hard.  These  muscles  help 
support  the  intestines,  and  by  their  movements  they  help 
push  the  food  along  and  increase  the  circulation  of  the  blood 
through  the  digestive  organs.  Proper  exercise  and  toning  up 
of  these  muscles  help  to  maintain  regular  habits  of  elimina- 
tion from  the  bowels. 

Whenever  possible,  one’s  exercise  should  be  taken  out  of 
doors.  The  fresh  outdoor  air  is  stimulating  and  helps  to  pre- 
vent colds,  especially  in  winter.  Out  of  doors  one  is  also  exposed 


Fig.  179.  A school  gymnasium  class.  To  you,  physical  training  and 
the  gymnasium  are  probably  commonplace  matters,  but  a few  years 
ago  such  benefits  were  unknown  in  most  schools.  (Brown  Brothers.) 


to  the  ultra-violet  rays  of  the  sunlight.  These  rays  stimulate 
the  body  to  grow  properly  and  are  helpful  in  developing 
resistance  to  certain  diseases.  They  do  not  pass  through 
ordinary  window  glass;  so  it  is  best  to  take  advantage  of 
their  effects  by  exercising  in  the  open. 

Why  are  rest  and  sleep  necessary?  Rest  and  sleep  are 
necessary  to  allow  the  body  to  recover  from  its  daily  activi- 
ties. During  the  daytime  the  cells  of  the  body  are  being 
broken  down  faster  than  they  can  be  repaired,  and  waste 
materials  accumulate  more  rapidly  than  they  can  be  carried 
away.  It  is  during  the  period  of  rest  and  sleep  that  the  cells 
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are  rebuilt,  that  food  materials  are  stored  in  the  cells  for 
future  use,  and  that  waste  products  are  carried  away  by  the 
blood.  A rest  of  twenty  to  thirty  minutes  during  the  middle 
of  the  day  is  time  well  spent.  It  will  raise  the  efficiency  of 
the  activities  carried  on  during  the  remainder  of  the  day. 
Schools  have  recess  periods  for  this  reason. 

Even  a change  in  occupation  during  the  day  is  restful. 
Another  kind  of  activity  will  make  use  of  different  muscle 
and  nerve  cells  while  the  blood  carries  away  the  waste  mate- 
rials from  overworked  cells.  However,  there  is  no  substi- 
tute for  complete  rest  such  as  we  get  in  sleep.  A man  can 
go  without  food  or  water  much  longer  than  he  can  go  with- 
out sleep.  Nine  or  ten  hours  of  sleep  for  a growing  boy  or 
girl  are  absolutely  necessary.  Failure  to  receive  sufficient 
sleep  will  cut  down  one’s  ability  to  do  good  work  in  school 
and  will  interfere  with  the  healthy  growth  of  the  body. 

Self-testing  exercise  3.  Why  do  both  physical  exercise  and 
mental  exercise  produce  a feeling  of  tiredness?  How  do  rest  and 
sleep  correct  this  condition? 

Self-testing  exercise  4.  Make  a list  of  the  changes  which  are 
brought  about  in  the  body  when  one  exercises. 


Problem  4:  How  Does  Bathing  Help  Keep  the 
Body  in  Good  Physical  Condition? 

Study  Suggestion.  Take  a cold  bath  when  you  get  up  in  the 
morning.  Follow  this  by  a vigorous  rub-down  with  a coarse  towel. 
Write  out  a description  of  how  it  makes  you  feel.  Take  a warm 
bath  (slightly  warmer  than  the  body)  just  before  you  go  to  bed. 
Write  a description  of  how  it  makes  you  feel.  Then  study  the 
problem  and  do  the  self-testing  exercise  on  page  238. 

What  effect  does  bathing  have  upon  the  body?  Everyone 
is  aware  of  the  necessity  of  bathing  to  get  rid  of  the  dirt 
which  accumulates  on  the  skin.  A clean  skin  is  necessary 
for  one  to  maintain  his  own  self-respect  and  the  respect  of 
others.  Lack  of  visible  dirt,  however,  does  not  necessarily 
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mean  that  one  is  clean.  Glands  are  constantly  pouring  cer- 
tain fluid  substances  on  the  skin  (Figure  180).  The  sweat 
glands  pour  perspiration,  which  contains  certain  waste  mate- 

rials  in  solution.  The  fluid 

part  of  the  perspiration  is  ab- 
sorbed by  the  underclothing, 
and  evaporated.  The  solid 
materials  remain  on  the  skin 
and  often  clog  the  openings 
of  the  sweat  glands,  interfer- 
ing with  the  proper  regula- 
tion of  the  body  temperature. 

Dead  epidermis  cells  and 
the  wastes  from  the  sweat 
glands,  together  with  small 
particles  of  dirt,  form  good 
places  for  bacteria  to  grow. 
The  clothing  rubs  these  ma- 
terials into  the  skin,  which 
often  results  in  an  irritation, 
or  even  in  some  skin  disease. 
Materials  of  this  sort  are  often 
not  visible.  Yet  it  is  just  as 
important  to  remove  them  as 
it  is  to  wash  off  the  dirt  that 
can  be  seen.  A bath  in  warm 
water  at  least  once  every  day  is  necessary  to  insure  a clean 
and  healthy  condition  of  the  skin. 

Bathing  also  has  an  important  effect  upon  the  tempera- 
ture-regulating apparatus  of  the  body.  The  temperature  of 
the  body  is  partially  controlled  by  the  blood  vessels.  The 
blood  vessels  have  circular  muscles  which  regulate  the  flow 
of  the  blood  (Figure  181).  When  the  muscles  of  the  blood 
vessels  in  the  skin  contract,  the  blood  is  sent  to  the  inner 
parts  of  the  body.  When  these  muscles  relax,  the  blood 
vessels  become  larger,  and  more  blood  passes  through  the 


Fig.  180.  The  skin  is  divided  into 
two  layers,  the  epidermis  and  the 
dermis.  The  sweat  glands  and  blood 
vessels  are  in  the  dermis. 
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skin.  In  this  way  the  body  heat  is  automatically  controlled, 
since,  when  a large  quantity  of  blood  flows  through  the  skin, 
heat  is  lost;  and  when  the  blood  is  sent  to  the  inner  parts  of 
the  body,  heat  is  saved.  In  order  to  keep  the  body  tempera- 
ture constant,  it  is  necessary 
that  these  changes  in  the  size 
of  the  blood  vessels  take  place 
very  rapidly  in  response  to  a 
given  change  of  outside  tem- 
perature. 

A cold  bath  causes  the  blood 
vessels  in  the  skin,  to  contract 
and  drive  the  blood  to  the  in- 
terior parts  of  the  body.  This 
is  usually  followed  by  a quick 
return  of  the  blood  to  the 
skin.  At  this  time  vigorous 
rubbing  with  a coarse  towel  is 
necessary.  The  exercise  of  the  muscles  in  rubbing  and  the 
return  of  the  blood  to  the  skin  should  make  one  feel  warm 
and  wide  awake.  The  bath,  therefore,  serves  to  exercise 
the  muscles  of  the  blood  vessels  and  thus  keep  them  in  good 
condition.  It  also  stimulates  the  nervous  system  so  that 
it  is  ready  for  action. 

For  cleansing  purposes  a warm  bath,  that  is,  a bath  at 
about  body  temperature,  is  desirable.  The  warm  bath  causes 
the  muscles  in  the  blood  vessels  of  the  skin  to  relax  so  that 
more  blood  flows  through  the  skin.  If  the  water  is  warmer 
than  the  body,  the  blood  is  warmed,  and  the  body  tempera- 
ture is  slightly  increased. 

Warm  baths  usually  cause  the  pores  of  the  sweat  glands 
to  open  and  thus  increase  the  amount  of  perspiration  upon 
the  skin.  When  the  skin  is  in  this  condition,  one  is  very 
liable  to  “take  cold.”  For  this  reason  a warm  bath  should 
be  followed  by  a short  cold  bath  if  one  is  going  outdoors. 
A vigorous  rubbing  with  a coarse  towel  is  then  necessary. 


Fig.  181.  A cross-section  of  an 
artery,  highly  magnified,  showing 
the  thick  muscular  walls. 
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Both  cold  and  warm  baths  are  valuable  to  change  the  cir- 
culation within  the  body.  They  thus  help  the  body  to  get 
rid  of  the  products  of  fatigue.  In  this  effect,  their  action  is 
similar  to  that  of  exercise.  A bath  following  vigorous  exercise 
will  frequently  prevent  lameness  or  soreness  by  removing 
the  waste  products  from  overworked  muscles. 

When  should  baths  be  taken?  The  time  for  taking  baths 
is  also  worthy  of  consideration.  Baths  should  never  be  taken 
immediately  after  meals,  since  they  draw  the  blood  away 
from  the  digestive  organs  and  thus  interfere  with  digestion. 
A cold  bath  taken  before  breakfast  is  an  aid  to  digestion  and 
to  the  general  nervous  tone  of  the  body.  Warm  baths  should 
usually  be  taken  just  before  retiring.  About  twice  a week  one 
should  take  a warm  bath  with  plenty  of  soap.  After  a day 
of  strenuous  work  a warm  bath  is  soothing  to  the  nerves. 
For  this  purpose  a bath  should  last  for  fifteen  minutes. 

Self-testing  exercise  5.  Write  a short  essay  which  will  explain 
the  effects  of  a cold  bath  and  of  a warm  bath.  (Refer  to  the  study 
suggestion  on  page  235.) 

Problem  5:  Why  Should  We  Not  Use  Alcohol 
AND  Tobacco? 

Study  Suggestion.  The  data  presented  in  this  problem  were 
obtained  through  scientific  experimentation.  A great  many  people 
have  opinions  about  the  effects  of  alcohol  and  tobacco  which  are 
based  upon  prejudice  rather  than  knowledge.  The  data  in  this 
problem  are  based  upon  known  facts.  Keep  this  in  mind  as  you 
study  this  problem.  You  undoubtedly  know  individuals  who  use 
alcohol  and  tobacco  and  who  apparently  are  not  harmed.  In  the 
majority  of  cases,  however,  the  harm  is  done  to  internal  organs 
and  thus  is  not  visible  to  the  eye.  The  effects  can  only  be  deter- 
mined by  the  use  of  scientific  apparatus. 

What  effect  does  alcohol  have  upon  the  body?  Keeping 
in  good  physical  condition  results  in  making  the  body  cells 
strong  enough  to  resist  the  action  of  disease  germs.  It  also 
keeps  the  different  organs  in  the  body  in  good  working 
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order.  Perhaps  the  most  serious  effect  of  alcohol  upon  the 
body  is  the  lowering  of  its  powers  of  resistance.  This  makes 
it  easier  for  the  germs  to  attack  the  body  and  cause  serious 
or  fatal  illness.  Mortality  records,  or  death  records,  of  life- 
insurance  companies  furnish  information  for  determining 
the  effect  of  alcohol  upon  the  resistance  of  the  body.  Many 
studies  of  this  kind  have  been  made.  One  company  reports 
that  40  per  cent  of  the  policy  applicants  are  rejected  for 
causes  connected  with  the  use  of  alcohol.  Another  com- 
pany, which  divides  its  policy-holders  into  “drinkers”  and 
“non-drinkers,”  shows  the  following  mortality  in  the  two 
groups:  Out  of  the  number  of  deaths  expected  among  the 
non-drinkers  during  a period  of  40  years,  only  71.54  per  cent 
died.  Of  those  who  drank,  94  per  cent  died.  This  gives  clear 
evidence  that  the  use  of  alcohol  shortens  one’s  span  of  life. 

Probably  the  most  noticeable  effect  of  alcohol  upon  the 
body  is  its  action  upon  the  blood  vessels  in  the  skin.  A small 
amount  of  alcohol  causes  these  blood  vessels  to  enlarge,  and 
hence  the  body  loses  heat  rapidly.  This  loss  of  heat  requires 
the  body  to  oxidize  more  food  to  make  good  the  loss.  Thus 
the  body  is  overworked.  A second  effect  is  this:  Small 
quantities  of  alcohol  have  been  found  to  increase  the  flow 
of  the  gastric  juice,  but  this  increase  is  always  followed  by  a 
decrease  in  the  flow  after  the  stimulation  has  worn  off;  in 
time  the  gastric  glands  cease  to  work  without  the  presence  of 
alcohol  or  some  other  stimulant.  A third  effect  of  alcohol 
is  its  action  upon  the  muscle  cells  of  the  heart.  These  cells 
may  be  changed  to  fat,  and  thus  the  heart,  which  is  really  a 
pump,  cannot  force  the  blood  through  the  body  at  the  proper 
rate.  This  destruction  of  the  vital  cells  and  their  replace- 
ment by  fat  take  place  in  many  parts  of  the  body. 

Employers  have  recognized  for  years  that  men  who  are 
habitual  users  of  alcohol  are  not  so  efficient  in  their  work  as 
men  who  do  not  use  alcohol.  Recognition  of  this  fact  has  led 
many  employers  to  draw  up  rules  prohibiting  the  use  of 
alcohol  during  work  hours.  Others  have  gone  still  further 


240 


EVERYDAY  PROBLEMS  IN  SCIENCE 


in  refusing  to  employ  men  who  use  alcohol  at  any  time  or  in 
any  amount.  This  is  particularly  true  of  railroads,  where 
lives  depend  upon  the  clear-headedness  of  the  employees. 

Many  experiments  have  been  carried  on  to  determine  the 
effect  of  alcohol  upon  one’s  ability  to  work.  One  such  ex- 
periment was  carried  on  with  a group  of  typesetters.  The 
results  showed  that  even  one  ounce  of  alcohol  per  day  was 
sufficient  to  reduce  by  ten  per  cent  the  amount  of  work  done. 
Another  experiment  determined  the  effect  of  alcohol  upon 
one’s  speed  in  responding  to  certain  stimulations.  In  this 
experiment  a person  sits  at  a table  with  his  finger  on  a tele- 
graph key.  A light  is  flashed,  and  he  releases  the  key.  The 
time  between  the  signal  and  the  release  of  the  key  is  measured. 
This  is  called  the  reaction  time.  The  experiment  showed  that 
the  reaction  time  was  shortened  if  the  test  was  made  imme- 
diately after  the  alcohol  was  taken,  but  if  made  some  time 
afterwards,  the  reaction  time  was  very  much  longer  than 
normal.  Reaction  time  is  very  important  when  a quick 
decision  is  needed,  as,  for  example,  in  avoiding  a collision 
with  an  automobile  or  in  running  machinery  of  any  kind. 
Since  alcohol  results  in  making  it  impossible  for  a person  to 
act  quickly,  it  is  easily  seen  that  it  slows  up  one’s  rate  of  work 
and  that  it  may  put  him  in  danger  at  a time  when  quick 
thinking  is  necessary. 

Accuracy  is  very  important  in  many  lines  of  work.  An 
experiment  somewhat  like  the  one  just  described  indicates 
the  effect  of  alcohol  upon  accuracy.  The  person  is  seated  at 
a table  with  each  hand  placed  on  a telegraph  key.  If  a 
white  light  appears,  he  is  to  press  one  key,  and  if  a red  light 
appears,  he  is  to  press  the  other  key.  Tests  have  shown  that 
a small  amount  of  alcohol  caused  the  keys  to  be  pressed 
more  rapidly  than  before  alcohol  was  taken,  but  the  person 
tested  pressed  the  wrong  key  much  more  frequently  than 
before.  This  effect  of  alcohol  in  making  the  individual  more 
liable  to  quick  and  thoughtless  judgments  is  one  of  the  chief 
causes  of  the  decrease  in  efficiency. 
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Human  society  through  countless  generations  has  built  up 
standards  of  conduct  and  ideals  of  right  and  wrong.  The 
individual  has  also  developed  will  power  and  the  ability  of 
self-restraint,  so  necessary  when  people  must  live  together 
and  get  along  peacefully  with  each  other.  These  qualities 
are  under  the  control  of  the  highest  centre  of  the  nervous 
system,  the  brain.  One  of  the  first  effects  of  alcohol  is  to 
dull  or  paralyze  this  nerve  centre,  and  the  individual  loses 
the  qualities  which  distinguish  him  from  the  savage.  A 
person  under  the  influence  of  alcohol  will  do  and  say  things 
which  he  will  not  do  or  say  when  he  is  in  full  possession  of 
his  senses.  In  the  occasional  drinker,  this  dulling  of  the 
sense  of  right  and  wrong  is  only  temporary,  but  there  is 
always  the  grave  danger  that  the  use  of  alcohol  will  become 
habitual.  The  result  of  such  long-continued  habit  is  a com- 
plete breaking  down  of  the  refinements  which  modern  civili- 
zation has  made,  and  moral  degeneracy  results. 

What  effect  does  tobacco  have  upon  the  body?  The  effect 
of  tobacco  upon  the  human  system  has  also  been  a subject 
of  investigation  by  scientists.  Their  findings  have  shown 
that  it  is  especially  harmful  to  young  people.  Most  of  the 
states  have  recognized  this  by  passing  laws  which  prohibit 
the  sale  of  tobacco  to  children.  Experiments  have  demon- 
strated that  the  average  scholarship  of  tobacco-users  in 
schools  and  colleges  is  lower  than  that  of  students  who  do 
not  use  tobacco.  Colleges  and  high  schools  have  also  found 
that  the  use  of  tobacco  interferes  with  the  efficiency  of  their 
athletes,  and  have  prohibited  the  use  of  tobacco  by  the  mem- 
bers of  their  athletic  teams.  In  general,  experiments  indi- 
cate that  tobacco  has  at  least  three  bad  effects  on  the  human 
body:  (1)  it  interferes  with  the  growth  of  the  heart  and 
produces  a weakened  condition  known  as  “tobacco  heart”; 
(2)  it  interferes  with  the  respiratory  system  by  irritating  the 
delicate  membranes  of  the  throat  and  lungs;  and  (3)  it  inter- 
feres with  the  action  of  the  digestive  juices.  These  findings 
indicate  that  the  tobacco  habit  is  decidedly  injurious. 
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Self-testing  exercise  6.  Write  an  answer  to  each  of  the  sub- 
problems raised  in  this  problem. 

Problem  6:  How  Can  You  Take  Care  of  Your  Eyes? 

Study  Suggestion.  A knowledge  of  how  to  take  care  of  the 
eyes  is  dependent  upon  an  understanding  of  their  structure  and  of 
how  they  work.  In  this  problem  you  will  discover  how  the  eye  en- 
ables us  to  see  what  is  going  on  around  us  and  how  certain  defects 
in  the  eyes  may  be  corrected. 

Our  eyes  contribute  more  to  our  happiness  and  to  our  suc- 
cess in  life  than  any  of  the  other  sense  organs.  If  they  are 
not  properly  cared  for,  such  neglect  may  not  only  result  in 
defective  sight,  but  may  also  affect  the  nervous  system, 
causing  headaches  and  a general  decline  in  health. 

How  are  our  eyes  constructed?  If  youTould  see  a section 
of  your  eye,  it  would  appear  as  shown  in  Figure  182.  The 
‘‘ball  of  your  eye”  is  really  ball-shaped.  It  is  set  in  a bony 
socket  and  further  protected  by  the  eyelids  and  eyelashes. 
Muscles  are  attached  to  the  eyeball  so  that  it  can  be  turned 
easily  and  quickly  in  different  directions. 

A study  of  the  structure  of  the  eye  will  help  you  to  under- 
stand how  it  works.  Starting  on  the  outside  you  find  a tough 
coat  around  the  entire  eyeball,  except  where  the  optic  nerve 
leaves  at  the  back.  This  coat,  called  the  sclerotic  coat,  is 
white  in  color,  except  in  the  central  part  of  the  front  of  the 
eye,  where  it  is  transparent.  This  transparent  part  is  called 
the  cornea.  It  is  the  window  through  which  light  can  enter 
the  eye.  The  white  part  around  the  cornea  is  often  called 
the  ‘‘white  of  the  eye.” 

Inside  the  sclerotic  coat  is  a second  covering  called  the 
choroid  coat.  This  has  a circular  opening,  called  the  pupil,  in 
front,  directly  back  of  the  cornea.  The  part  of  the  choroid 
coat  around  this  opening  looks  much  like  a circular  curtain, 
and  is  called  the  iris.  The  color  of  this  curtain  varies,  giving 
different  colors  to  different  eyes.  The  iris  is  controlled  by 
small  muscles  so  that  the  pupil  can  be  made  smaller  or 
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larger.  The  size  of  the  opening  governs  the  amount  of  light 
which  can  enter  the  eye  by  opening  the  pupil  when  the  light 
is  dim  and  contracting  it  as  the  light  increases. 

The  inside  coat  of  the  eye  is  called  the  retina.  This  is  the 
sensitive  part.  It  receives  the  light  which  enters  the  eye  and 
produces  the  picture.  It  acts  much  like  the  film  or  plate  of 
a camera.  Many  small 
branches  of  the  optic 
nerve  end  in  the  retina. 

These  nerve  endings  are 
affected  by  the  light,  and 
send  their  sensations  to 
the  brain,  making  a mind- 
picture  of  the  objects 
and  colors  seen. 

Directly  back  of  the  iris 
is  a transparent  lens, 
shaped  something  like  a 
burning-glass  or  the  lens 
in  a camera  (Figure  182). 

Since  it  bulges  out  on  both  sides,  it  is  called  a double  convex 
lens.  It  is  made  of  soft  material,  and  its  shape  is  readily- 
changed  by  means  of  muscles  attached  to  it.  The  muscles 
can  make  it  thinner  or  flatter  and  thicker  or  rounder,  as 
necessary.  The  space  behind  the  lens  is  filled  with  a trans- 
parent jelly-like  substance  called  vitreous  humor.  This  keeps 
the  eyeball  round.  Between  the  cornea  and  the  lens  is  a 
clear  liquid  called  the  aqueous  humor. 

How  do  we  see?  When  we  see  an  object,  it  is  because 
that  object  is  sending  light  to  our  eyes.  The  light  from  the 
sun,  from  an  electric  light,  or  from  some  t)ther  light-giving 
body  may  come  directly  to  the  eye  or  be  reflected  from  some 
object.  When  the  rays  of  light  from  the  object  enter  the 
eye,  they  pass  through  the  lens,  which  bends  them,  changing 
their  direction,  so  that  they  will  be  brought  to  a focus  before 
they  strike  the  retina. 


Fig.  182.  The  eye  would  look  like  this 
if  it  were  cut  in  halves  from  front  to 
back. 
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Experiment  46.  How  does  a double  convex  lens  form  an  image? 

(a)  Obtain  a burning-glass,  or  a reading-glass,  which  is  a double 
convex  lens.  Darken  the  room  and  light  a candle.  Hold  the  lens 
a foot  or  two  in  front  of  the  candle  (Figure  183),  and  then  hold  a 
piece  of  paper  back  of  the  lens  so  that  a distinct  image  of  the  candle 
will  fall  on  the  paper.  The  candle  is  then  said  to  be  in  focus.  Note 
how  far  back  the  paper  is  from  the  lens. 


Fig.  183.  How  a double  convex  lens  forms  an  image.  Note  that  the  rays 
of  light  which  pass  through  the  lens  are  bent  and  are  thus  brought  to  a 
focus  upon  the  piece  of  paper. 


(&)  Repeat  (a),  holding  the  lens  more  than  a foot  or  two  in  front 
of  the  candle.  How  far  back  of  the  lens  must  the  paper  be  held  to 
get  a distinct  image? 

From  this  experiment  you  see  that  objects  close  to  a lens 
come  to  a focus  farther  back  than  objects  far  away  from  a 
lens.  Since  the  retina  upon  which  the  image  comes  to  a 
focus  in  the  eye  is  always  the  same  distance  back  of  the  lens, 
the  eye  must  have  some  method  of  bringing  the  rays  of  light 
from  both  distant  and  near  objects  to  a focus.  This  is  accom- 
plished by  changing  the  shape  of  the  lens. 

Experiment  47.  How  does  the  shape  of  the  lens  change  the 
location  of  the  image?  (a)  Obtain  two  double  convex  lenses,  one 
more  convex  than  the  other.  Place  a candle  two  feet  in  front  of  the 
flatter  lens,  and  bring  the  candle  to  a focus  on  a piece  of  paper  held 
behind  the  lens. 

(&)  Repeat  (a)  with  the  second  lens,  keeping  the  candle  the 
same  distance  in  front  of  the  lens.  How  do  the  distances  between 
the  lens  and  the  paper  differ  for  the  two  lenses? 
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From  the  experiment  you  see  that  the  more  convex  the 
lens,  the  closer  the  focus  will  be. 

The  muscles  which  hold  the  lens  of  the  eye  are  attached  to 
the  choroid  coat  (Figure  184).  When  these  muscles  con- 
tract, the  pull  on  the  lens  is  lessened,  and  the  lens  becomes 
thicker  or  more  convex.  When 
the  muscles  relax,  the  choroid 
coat  goes  back  into  place  and 
pulls  on  the  lens,  making  it 
flatter.  You  can  now  under- 
stand how  the  eye  can  bring 
far  and  near  objects  into  focus. 

When  an  object  is  close  to  the 
eye,  the  image  will  tend  to 
fall  back  of  the  retina.  In  order 
to  prevent  this,  the  muscles 
contract  and  make  the  lens 
more  convex  so  that  the  image 
will  come  to  a focus  on  the 
retina.  By  changing  the  pull 
on  the  lens,  the  muscles  are 
therefore  able  to  change  the 
convexity  of  the  lens  in  order 
that  the  image  may  always  fall  upon  the  retina  (Figure  185). 

How  can  we  avoid  eyestrain?  If  you  study  or  read  for 
too  long  a time,  you  are  conscious  of  a sense  of  eyestrain. 
This  is  due  to  the  fact  that  the  muscles  holding  the  lens  must 
be  kept  contracted  so  that  the  page  will  stay  in  focus.  This 
fatigues,  or  tires,  the  muscles,  causing  a strain.  Usually  this 
can  be  avoided  by  looking  up  occasionally  and  focusing  the 
eye  on  some  distant  object  so  that  the  muscles  will  relax. 
Too  bright  a light  or  too  dim  a light  also  causes  eyestrain. 
When  possible,  the  light  should  come  from  the  left  side  so  that 
the  shadows  cast  by  the  right  hand  will  not  fall  on  the  work. 

Often  the  eyes  themselves  are  so  defective  that  they  will 
not  focus  properly  for  far  and  near  objects.  Or,  if  they  will 


Fig.  184.  The  muscles  which 
attach  the  lens  of  the  eye  to  the 
choroid  coat. 
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focus  correctly,  they  must  be  put  under  a strain  to  do  so. 
Defects  of  this  kind  can  only  be  remedied  by  the  use  of 
glasses.  If  you  are  unable  to  see  both  far  and  near  objects 
distinctly  or  if  objects  sometimes  appear  blurred,  you  should 
go  to  a well-trained  specialist  and  have  your  eyes  examined. 

The  most  common  de- 
fects are  known  as  far- 
sightedness, near-sighted- 
ness, and  astigmatism.  In 
far-sightedness  distant  ob- 
jects are  seen  clearly,  but 
objects  near  the  eye  cannot 
be  brought  into  focus.  This 
trouble  may  be  caused  by 
the  eyeball  being  too  short, 
or  by  the  inability  of  the 
muscles  attached  to  the 
lens  to  adjust  the  lens  to 
near  objects.  Sometimes, 
as  a person  grows  older,  the  lens  of  the  eye  becomes  less  flexible 
and  cannot  change  its  shape  as  it  should  when  the  focusing 
muscles  relax.  In  either  case  the  rays  of  light  come  to  a 
focus  back  of  the  retina.  Slightly  convex  lenses  worn  as 
glasses  bend  the  rays  more  and  bring  them  to  a focus  on 
the  retina. 

The  opposite  defect,  or  near-sightedness,  occurs  when  the 
eyeball  is  too  long.  The  rays  of  light  from  distant  objects 
are  then  brought  to  a focus  in  front  of  the  retina,  and  the 
picture  on  the  retina  is  blurred.  To  correct  this  defect, 
concave  lenses,  which  are  thicker  at  the  edge  than  at  the 
centre  and  thus  bend  the  rays  outward  so  that  they  focus  a 
little  farther  from  the  lens,  are  used. 

The  third  defect,  astigmatism,  occurs  when  the  eyeball 
is  somewhat  long  instead  of  being  perfectly  round.  The 
cornea  then  has  a curvature  somewhat  like  the  side  of  an  egg 
instead  of  being  part  of  a sphere.  In  such  an  eye  lines  running 


Fig.  185.  When  the  eye  focuses  for  a 
near  object,  the  lens  is  convex,  as  in 
the  upper  drawing.  When  it  focuses 
for  a far  object,  the  lens  is  less  convex, 
as  in  the  lower  drawing. 
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in  one  direction  are  seen  quite  distinctly,  but  those  running 
in  any  other  direction  are  more  or  less  blurred.  The  lenses 
used  to  correct  astigmatism  are  ground  with  cylindrical 
curves  which  counteract  the  incorrect  curvature  of  the  eyeball 
and  make  all  the  lines  in  the  image  clear. 

Suggested  Activity.  Examine  a camera.  How  is  it  similar  to 
the  eye?  How  is  it  different  from  the  eye? 

Self-testing  exercise  7.  (a)  Draw  a diagram  similar  to  those 

in  Figure  185,  to  show  how  light  rays  from  distant  objects  are 
brought  to  a focus  in  a near-sighted  eye. 

(b)  Add  the  proper  kind  of  lens  to  your  diagram,  and  use  dotted 
lines  to  show  the  paths  of  the  rays  when  they  focus  on  the  retina 
as  they  should. 

Self-testing  exercise  8.  (a)  Draw  a diagram  similar  to  those 

in  Figure  185,  to  show  how  light  rays  from  near  objects  are  brought 
to  a focus  in  a far-sighted  eye. 

(b)  Add  the  proper  kind  of  lens  to  your  diagram,  and  use  dotted 
lines  to  show  the  paths  of  the  rays  when  they  focus  on  the  retina 
as  they  should. 

Problem  7:  What  Can  You  Do  in  Case  of  Accident? 

Study  Suggestion.  The  best  way  to  remember  how  to  give  first 
aid  is  through  actual  practice.  The  method  used  in  caring  for  cut 
arteries  and  in  securing  artificial  respiration  should  be  practised 
with  some  other  pupil.  The  other  methods  should  be  practised 
when  the  occasion  arises.  The  next  time  you  or  any  of  your  family 
have  cuts,  sprains,  foreign  bodies  in  the  eye,  or  burns,  try  the 
methods  of  first  aid  described  in  this  problem. 

Very  few  people  pass  through  life  without  coming  into 
contact  with  a situation  in  which  they  need  a knowledge  of 
first  aid  to  the  injured  or  sick.  Of  course,  a doctor  is  neces- 
sary in  a great  many  cases,  but  doctors  are  not  always  on 
the  spot;  and  in  most  instances  a great  deal  can  be  done 
before  the  doctor  arrives. 

How  should  cuts  and  scratches  be  treated?  Perhaps  the 
simplest  case  of  first  aid  is  presented  by  injuries  due  to  cuts 
or  scratches.  These  are  not  often  dangerous,  but  sometimes 


248 


EVERYDAY  PROBLEMS  IN  SCIENCE 


the  smallest  cut  or  scratch  may  result  in  death  from  blood 
poisoning.  For  this  reason  such  wounds  should  not  be  neg- 
lected. The  first  thing  to  do  is  to  make  them  bleed  so  as  to 
wash  out  any  germs  which  might  infect  them.  This  is  done 
by  squeezing  them  well  at  the  sides.  If  the  wound  is  then 


painted  with  iodine  and  covered 
with  a piece  of  antiseptic  gauze,  no 
danger  of  infection  will  follow.  In 
case  the  wound  is  serious,  the  cloth- 
ing should  be  removed  from  around 
it,  and  the  wound  exposed  to  the 
air.  If  the  wound  Is  bleeding  freely, 
it  should  be  bandaged  tightly  with 
antiseptic  gauze,  and  a doctor 
should  be  called  at  once. 


In  some  cases  the  blood  may 
come  from  a wound  in  jets  or 
spurts.  This  shows  that  an  artery 
has  been  cut,  and  It  is  necessary 
to  check  the  blood  flow  imme- 
diately. Pressure,  therefore,  should 
be  applied  to  the  artery  between 
the  wound  and  the  heart.  This 


Fig.  186.  Application  of  the 
tourniquet. 


may  be  done  by  what  is  known  as  a tourniquet  (Figure  186). 
In  case  the  injury  is  in  an  arm  or  a leg,  this  can  be  done  most 
effectively  by  tying  a knot  in  a handkerchief  and  laying  this 
over  the  artery.  Insert  a stick  through  the  bandage  and  twist 
it  so  that  the  knot  will  apply  pressure  to  the  artery,  and  thus 
stop  the  bleeding.  Loosen  the  bandage  occasionally  to  see  if 
the  bleeding  has  stopped,  because  if  it  is  kept  tightened  too 
long,  it  will  cause  trouble. 

How  should  bruises  and  sprains  be  treated?  In  a bruise 
the  tissue  beneath  the  skin  is  crushed,  causing  internal 
bleeding.  Bruises  should  be  treated  by  placing  something 
cold  on  them.  A cloth  which  has  been  wrung  out  in  cold 
water  is  usually  sufficient.  In  cases  of  sprain  (injury  to  the 
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ligaments),  cold  applications  are  also  desirable.  Severe 
sprains  should  be  treated  by  a physician. 

How  does  one  give  “first-aid”  in  drowning,  suffocation, 
and  electric  shocks?  The  body  must  always  be  able  to  take 
in  good  air  and  get  rid  of  bad  air.  Inability  to  do  this  causes 


Fig.  187.  The  correct  position  for  the  beginning  of  the  Schafer  artificial- 
respiration  method. 


suffocation.  When  a person  has  been  under  water  for  some 
time,  or  in  a room  containing  poisonous  gases,  or  has  been 
subjected  to  a severe  electric  shock,  breathing  stops.  These 
persons  frequently  can  be  brought  back  to  consciousness  by 
helping  them  to  breathe.  The  St.  John’s  Ambulance  Asso- 
ciation, in  its  first-aid  course,  gives  the  following  directions 
for  restoring  respiration : 

Lay  the  patient  in  a prone  position  (i.e.  back  upwards), 
with  his  head  turned  to  one  side,  so  as  to  keep  his  nose  and 
mouth  away  from  the  ground.  . . . Kneel  at  one  side  of  or 
across  the  patient,  facing  his  head,  and  place  the  palms 
of  your  hands  on  the  lowest  ribs,  one  at  each  side,  the  thumbs 
parallel  to  each  other,  about  two  inches  apart,  in  the  small 
of  the  back.  Keeping  your  arms  quite  straight  and  leaning 
your  body  forward,  slowly  apply  firm  but  not  violent  pressure 
straight  downwards  upon  the  back  and  lower  part  of  the 
chest,  thus  driving  air  out  and  producing  expiration.  This 
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movement  should  occupy  three  seconds.  Draw  back  your 
body  somewhat  more  rapidly  and  relax  the  pressure,  but  do 
not  remove  your  hands;  this  produces  inspiration.  This 
movement  should  occupy  two  seconds. 

Alternate  these  movements  by  a rhythmic  swaying  back- 
wards and  forwards  of  your  body  from  the  knee  joints,  twelve 
times  a minute,  persevering  until 
respiration  is  restored  or  until  a 
doctor,  after  giving  the  patient  a 
heart  stimulant,  such  as  adrenalin, 
has  pronounced  life  to  be  extinct. 

How  are  injuries  due  to  heat 
and  cold  treated?  Another  class  of 
injuries  which  need  special  atten- 
tion are  those  due  to  heat  and 
cold,  such  as  burns  and  scalds, 
sunstroke,  and  frostbite.  Burns 
and  scalds  should  be  treated  by 
excluding  the  air.  Vaseline,  olive 
oil,  cream,  or  a thin  paste  made 
of  baking  soda  can  be  used.  The 
burn  should  then  be  lightly  bandaged.  Except  in  cases  of 
severe  burns,  a doctor  is  not  necessary.  In  cases  of  sunstroke 
a doctor  should  be  sent  for  at  once,  and  in  the  meantime  the 
patient  should  be  treated  by  rubbing  cold  water  or  ice  over 
the  face,  chest,  neck,  and  armpits.  The  object  of  such  treat- 
ment is  to  reduce  the  body  temperature.  In  cases  of  frostbite 
the  frozen  part  should  be  brought  back  to  normal  tempera- 
ture slowly.  This  may  be  done  by  rubbing  the  affected  part 
with  snow  or  cold  water,  and  then  gradually  using  warmer 
water. 

How  are  foreign  bodies  removed  from  the  eye?  Sand, 
cinders,  or  particles  of  dust  in  the  eye  cause  a great  deal  of 
pain.  In  removing  them,  the  first  thing  to  remember  is  not 
to  rub  the  eye,  because  such  rubbing  may  injure  some  of  the 
delicate  parts.  If  the  eye  is  closed  and  the  tears  are  allowed 


Fig.  188.  This  picture  dem- 
onstrates one  method  of 
bandaging. 
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to  accumulate,  the  object  will  frequently  be  washed  out.  Or 
the  upper  lid  may  be  pulled  down  over  the  lower  several 
times.  Sometimes,  if  the  nostril  on  the  opposite  side  is 
closed  and  the  patient  blows  his  nose  very  hard,  the  desired 
result  will  be  secured.  If  this  does  not  remove  the  object, 
have  the  patient  look  up,  press  the  lower  lid  down,  and  ex- 
amine the  lower  surface.  If  the  object  is  seen,  wipe  it  off 
with  the  corner  of  a clean  handkerchief  or  with  a piece  of 
cotton.  To  remove  objects  under  the  upper  lid,  have  the 
patient  lean  back  in  a chair,  place  a pencil  across  the  upper 
lid,  and  turn  the  lid  back  over  the  pencil.  The  patient 
should  look  downward. 

Self-testing  exercise  9.  Make  a list  of  the  materials  you  need 
for  a first-aid  kit.  Prepare  a series  of  labels  for  each  material, 
stating  what  it  is  to  be  used  for  and  the  method  of  using  it. 

Summary  exercise  on  Unit  VI.  Turn  to  the  table  of  contents  of 
Unit  VI  (page  xiv)  and  see  if  you  can  give  satisfactory  answers 
to  each  of  the  problems  in  this  unit.  In  you  cannot  do  so,  study 
the  text  until  you  can. 

Additional  Exercises 

1.  Place  a piece  of  cracker  in  your  mouth  and  chew  it  for  sev- 
eral minutes.  Why  does  the  cracker  become  sweet? 

2.  Make  a list  of  as  many  chemical  changes  as  you  can. 

3.  Make  a drawing  of  your  mouth,  showing  the  number  of 
teeth  you  have. 

4.  Examine  the  different  figures  of  this  unit  and  list  the  organs 
of  the  body  that  are  shown.  Describe  after  each  organ  its  loca- 
tion in  the  body. 

5.  It  is  not  a good  plan  to  exercise  vigorously  immediately 
after  eating.  Why? 

6.  Why  are  lenses  used  in  cameras  and  in  motion-picture  ma- 
chines? 

7.  Make  a set  of  health  rules  which  you  will  try  to  follow. 
Consider  all  the  points  you  have  learned  in  this  unit. 

8.  Make  a drawing  of  your  sleeping-room,  showing  the  position 
of  the  bed,  the  windows,  and  the  doors.  Explain  how  you  ventilate 
your  room  at  night. 
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9.  Determine  your  rate  of  breathing  per  minute:  (a)  while 
standing,  (b)  while  lying  down,  (c)  after  strenuous  exercise.  How 
do  you  account  for  any  differences  in  the  rates? 

10.  How  do  you  explain  that  it  is  very  difficult  to  see  when  you 
first  enter  a moving-picture  theatre?  Why  can  you  see  much  bet- 
ter ten  or  fifteen  minutes  later? 

11.  What  information  does  a physician  obtain  when  he  feels 
your  pulse? 

12.  Just  standing  still  and  doing  nothing  makes  one  tired. 
Explain. 

13.  Why  is  an  appetizing  meal,  served  in  pleasant  surroundings 
more  easily  digested  than  an  unappetizing  meal  served  in  unpleasant 
surroundings? 

14.  Frequently  after  a heavy  meal  one  feels  sleepy.  Explain. 

15.  Does  the  pupil  of  the  eye  become  larger  or  smaller  when 
one  enters  a lighted  room? 

16.  Under  what  circumstances  does  mist  form  on  one’s  eyeglasses? 

17.  Why  should  a draft  be  avoided  after  vigorous  exercise? 

18.  A tourniquet  is  often  used  in  treating  snake  bites.  It  is 
applied  between  the  wound  and  the  heart.  Explain. 

19.  Can  a liquid  be  perfectly  clear  and  still  contain  materials 
in  solution?  Explain. 

20.  A pulmotor  is  often  used  in  cases  of  drowning  and  suffocation. 
Explain  the  use  of  the  pulmotor  for  this  purpose. 


UNIT  VII 


HO\V  DOES  MAN  PROTECT  HIMSELF  FROM 
INFECTIOUS  DISEASES? 

Preliminary  Exercises 

1.  From  a health  standpoint  state  two  reasons  for  cooking  food. 

2.  What  does  your  city  do  to  prevent  danger  of  disease  from 
polluted  water?  What  does  your  home  do? 

3.  What  is  the  source  of  your  milk  supply?  What  precautions 
are  taken  to  insure  that  it  comes  to  you  in  a pure  condition? 

4.  Make  a list  of  the  diseases  you  have  had,  and  following  each, 
state,  if  possible,  how  you  got  it,  how  you  might  have  avoided  it, 
and  what  treatment  was  necessary  to  cure  it. 

5.  Why  is  keeping  physically  fit  the  best  safeguard  against 
certain  diseases? 

6.  Have  you  ever  had  any  medical  treatment  to  keep  you  from 
“catching”  a disease  like  diphtheria  or  typhoid  fever?  How  did 
the  treatment  serve  its  purpose? 

7.  Why  “swat  the  fly”? 

8.  What  are  disease  germs? 

9.  How  do  germs  make  more  germs? 

10.  Name  and  describe  two  types  of  disease  germs.  Draw  dia- 
grams or  pictures  of  the  types  you  describe. 

11.  What  are  toxins?  What  effects  do  they  have  on  us? 

12.  What  are  antibodies?  Of  what  value  are  they  to  us? 

The  Story  of  Unit  VII 

Everyone  will  admit  that  health  is  necessary  to  an  efficient, 
comfortable,  and  enjoyable  life.  In  Unit  VI  you  learned  about 
the  functions  of  some  of  the  important  organs  of  the  human 
body  and  how  these  organs  may  be  kept  in  good  condition. 
Weakness  or  faulty  working  of  a single  one  of  these  organs 
results  in  ill  health.  When  this  condition  of  an  organ  occurs, 
we  say  that  the  person  is  suffering  from  organic  disease.  You 
already  know  that  there  is  another,  quite  different,  type  of 
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disease  caused  by  germs  which  get  into  the  body  and  grow 
there.  Diseases  of  this  type  are  known  as  infectious  diseases. 

For  centuries  men  lived  in  ignorance  of  the  causes  of  infec- 
tious diseases.  Often  such  diseases  spread  so  rapidly  that 
thousands  of  people  died  in  a few  weeks  or  months,  and  men 

were  helpless  to  stop  them. 
Even  today  serious  epi- 
demics occur.  One  of  the 
most  terrible,  recent  epi- 
demics was  that  of  influ- 
enza (‘'flu”),  which  killed 
more  than  a half  million 
persons  in  1918.  More  re- 
cently, as  in  the  summer 
of  1931,  there  have  been 
minor  epidemics  of  infantile 
paralysis  in  parts  of  Can- 
ada. In  1932  thousands 
and  thousands  of  people 
in  China  died  of  cholera. 
The  great  difficulty  infight- 
ing certain  diseases  is  that, 
even  today,  little  is  known 
about  the  germs  which 
cause  them  and  the  ways 
in  which  they  spread.  This 
is  true  of  influenza  and 
infantile  paralysis.  However,  the  great  loss  of  life  from  epi- 
demics becomes  less  and  less  as  man  learns  more  about  germs 
and  the  ways  of  guarding  against  them. 

It  was  less  than  two  hundred  fifty  years  ago  (1687)  that 
Anton  van  Leeuwenhoek  (la'  v^n  h^k)  discovered  plants  and 
animals  never  before  known  because  they  were  so  small  that 
they  could  be  seen  only  through  a microscope.  At  first 
people  believed  that  these  tiny  things  grew  spontaneously 
from  the  decaying  material  and  slime  in  which  they  were 


Fig.  189.  Louis  Pasteur  (1822-1895), 
fearless,  tireless  searcher  for  truth, 
holds  the  gratitude  of  mankind.  He 
discovered  the  germ  nature  of  disease, 
and  worked  out  many  methods  of 
fighting  disease,  including  the  process 
of  pasteurization. 
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found.  Then,  about  a hundred  years  later,  Lazaro  Spallanzani 
(spal  Ian  dza'  ne),  an  Italian  scientist,  saw  a one-celled 
organism  divide,  first  into  two  new  organisms,  and  then  into 
four  (see  Figure  103,  page  140).  In  spite  of  the  fact  that 
they  were  seen  to  multiply  in  this  manner,  it  was  still  quite 


Fig.  190.  Thousands  of  men  and  women  in  all  parts  of  the  world  are 
today  searching  for  germs  that  are  still  unknown  and  for  ways  of 
combating  those  that  are  known.  This  is  a picture  of  a famous  bacteri- 
ological institute  at  Lyons,  France. 

generally  believed  that  these  tiny  living  things  arose  out  of 
the  materials  in  which  they  thrived  so  well. 

Then,  in  the  period  of  twenty  memorable  years,  1860- 
1880,  while  the  argument  about  the  origin  of  microbes  was 
still  raging  among  scientists,  three  great  men  of  Europe,  Louis 
Pasteur,  a Frenchman,  Robert  Koch,  a German,  and  Lord 
Lister,  famous  British  surgeon,  proved  conclusively  that 
microbes  were  the  cause  of  certain  diseases ; that  if  germs  were 
not  allowed  to  get  into  the  body,  disease  did  not  develop. 
Since  that  time  our  knowledge  of  germs  and  their  mysterious 
ways  has  grown  with  great  rapidity.  You  will  be  interested 
in  keeping  up  with  the  most  important  of  such  discoveries  as 
they  are  announced  in  the  newspapers  and  magazines. 
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Although  you  cannot  hope  to  know  all  about  germs  and 
infectious  diseases,  it  is  very  important  for  you  to  learn  how 
we  may  protect  ourselves  and  our  community  from  germs 
and  the  suffering  which  they  cause.  Therefore,  in  this  unit 
you  will  learn  something  about  the  nature  of  germs — what 
different  kinds  there  are,  and  how  they  live  and  grow — for 
it  is  by  an  understanding  of  their  real  nature  that  we  can 
best  combat  them.  You  will  also  learn  how  germs  leave  the 
bodies  of  sick  persons  and  enter  the  bodies  of  those  who  are 
well.  As  a result  of  this  knowledge,  you  will  understand  how 
to  help  prevent  epidemics. 

In  spite  of  all  the  precautions  we  take,  germs  do  reach  our 
bodies  and  get  inside  them.  How  do  they  grow  there?  How 
do  they  cause  the  weakness  and  fever,  the  inflammation  and 
pain  which  tell  us  we  are  sick?  In  most  cases  the  body  wins 
the  fight,  finally  killing  off  the  germs  and  repairing,  as  well  as 
possible,  the  damage  which  has  been  done.  How  is  the  body 
able  to  do  this?  And  how  can  we  help  it  to  defend  itself 
against  such  deadly  eneiiies?  Knowing  the  answers  to  these 
problems,  we  shall  be  better  able  to  cooperate  intelligently 
with  our  bodies,  with  our  doctors,  and  with  our  community 
in  the  war  on  germs. 

Problem  1:  What  Is  the  Nature  of  Disease  Germs? 

Any  plant  or  animal  which  lives  in  the  body  of  another 
living  thing  and  takes  its  food  from  that  living  thing  is  known 
as  a parasite.  The  organism  which  furnishes  the  food  is  the 
host.  The  most  dangerous  of  plant  and  animal  parasites  are 
the  disease  germs  for  which  the  human  body  acts  as  an 
unwilling  host. 

What  is  the  nature  of  plant  germs?  The  most  important 
and  most  numerous  type  of  plant  germs  are  the  bacteria. 
Each  bacterium  is  a single  cell,  so  small  that  from  five  thousand 
to  fifty  thousand  of  them  are  required  to  make  a row  one  inch 
long.  A single  layer  of  typhoid-fever  germs  {Bacillus  typhosus) 
on  top  of  an  ordinary  pinhead  would  contain  more  than  a 
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million  bacteria.  There  are  thousands  of  different  kinds  of 
bacteria,  distinguished  from  one  another  by  their  appearance 
and  by  the  results  which  they  produce  while  growing.  Al- 
though they  are  of  many  different  shapes,  they  are  usually 
placed  in  three  general  groups:  the  round,  or  spherical,  bac- 
teria, called  cocci;  the  rod-shaped,  or  cylindrical,  bacilli;  and 
the  curved,  or  spiral,  spirilla  (Figure  191).  Scarlet  fever  and 
pneumonia  are  caused  by  cocci;  typhoid  fever  and  tubercu- 
losis by  bacilli;  and  cholera  and  relap.sing  fever  by  spirilla. 


Fig.  191.  These  three  pictures  show  the  different  forms  of  bacteria. 

Bacteria  are  able  to  make  more  bacteria,  that  is,  to  repro- 
duce themselves,  by  dividing  into  two  new  plants  when  they 
have  grown  to  a certain  size.  Under  favorable  conditions 
some  kinds  are  able  to  become  smaller  and  build  a kind  of 
protective  covering  around  themselves,  forming  what  are 
known  as  spores.  The  spores  formed  in  this  way  can  live  for 
many  years  under  conditions  which  would  kill  ordinary  bac- 
teria. Then,  when  the  conditions  are  favorable  again,  they 
can  begin  growing  and  dividing. 

Many  bacteria  help  man  by  enriching  the  soil,  by  causing 
the  decay  of  refuse,  by  souring  milk  to  make  cheese,  and  by 
doing  many  other  beneficial  things.  It  has  even  been  said  by 
scientists  that  man  could  not  live  on  the  earth  if  it  were  not 
for  the  work  of  these  minute  plants.  Many  other  kinds  of 
bacteria  seem  to  be  neither  useful  nor  harmful.  The  disease- 
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producing,  or  pathogenic,  bacteria  are  of  the  most  direct  im- 
portance to  us.  Bacteriologists  have  very  satisfactory  evidence 
that  such  diseases  as  diphtheria,  tuberculosis,  and  typhoid 
fever  are  caused  by  certain  kinds  of  bacteria.  Such  bacteria 
make  up  one  group  of  disease  germs. 

A very  few  diseases  are  caused  by  the  plants  called  yeasts. 
Yeasts  are  one-celled,  oval  plants,  much  larger,  on  the  aver- 


Fig.  192.  Development  of  the  malarial  parasite.  No.  1 shows  how  the 
parasites  begin  their  development  in  oocysts,  or  tumor-like  growths,  on  the 
outside  of  the  mosquito’s  stomach.  No.  2 shows  the  many  sporozoites 
within  each  oocyst.  In  No.  3 one  of  the  red  blood  corpuscles  has  been 
invaded  by  a malarial  parasite.  Here  it  divides  into  many  sections,  as 
shown  in  No.  4,  breaking  the  wall  of  the  corpuscle.  The  new  parasites  and 
the  poisons  (No.  5)  enter  the  blood  stream. 

age,  than  bacteria,  but  still  very  tiny.  They  produce  other 
yeast  plants  by  sending  out  little  outgrowths  called  huds, 
which  finally  break  away  to  form  new  plants  (Figure  122, 
page  170).  Certain  kinds  of  ulcers  or  sores  on  the  skin  are 
caused  by  this  type  of  plant. 

Some  other  diseases  are  caused  by  mold-like  fungi  (Figure 
121,  page  169).  Ringworm,  or  “athlete’s  foot,’’  which  has 
become  so  common  in  recent  years,  is  a disease  of  the  skin 
caused  by  a mold-like  germ.  Pieces  of  the  thread-like  plants 
can  break  off  and  start  new  plants  in  other  places,  or  spores 
may  be  formed. 

What  is  the  nature  of  animal  germs?  The  one-celled  animals, 
or  protozoa,  which  cause  disease  are  not  nearly  as  common  as 
bacteria.  However,  some  of  them  are  so  much  like  bacteria 
that  it  is  difficult  to  tell  the  difference.  These  animal  germs 
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reproduce  in  at  least  two  different  ways:  they  may  divide 
into  two  equal  parts  as  bacteria  do,  or  they  may  divide  into 
very  many,  still  more  tiny  pieces,  each  of  which  grows  into 
a new  germ.  Figure  192  shows  how  the  parasite  that  causes 
malarial  fever  multiplies.  Dysentery,  malarial  fever,  and 
sleeping  sickness  are  diseases  caused  by  protozoa. 

A few  diseases  are  caused  by  many-celled  animals,  mostly 
very  small  worms.  Among  these  are  the  hookworm,  which 
causes  so  much  loss  of  energy  in  regions  where  wastes  from 
human  beings  are  not  properly  disposed  of  and  where  people 
go  barefoot.  The  trichina  (Figure  193),  sometimes  present  in 
uncooked  pork,  and  the  tapeworm,  some- 
times present  in  uncooked  pork  or  beef, 
also  cause  serious  injury  to  the  human 
machine.  In  tropical  countries  a very 
tiny  kind  of  worm  is  carried  from  person 
to  person  by  mosquitoes.  It  grows  in 
certain  ducts  in  the  legs  and  causes  the 
legs  to  become  so  large  that  the  disease 
is  known  as  elephantiasis. 

There  are  a number  of  diseases  which 
act  just  as  if  they  were  caused  by  germs 
of  some  kind,  but  scientists  have  never 
been  able  to  find  the  germs.  They  have 
good  evidence  that  some  of  these  diseases  are  caused  by 
germs  so  small  that  they  cannot  be  seen,  even  with  the 
most  powerful  microscope.  Some  members  of  this  group 
of  diseases  are  the  common  cold,  mumps,  influenza,  smallpox, 
hydrophobia,  and  measles.  Scientists  are  steadfastly  search- 
ing to  discover  the  germs  that  cause  these  diseases  so  that  we 
may  know  better  how  to  combat  them. 

Self-testing  exercise  1.  Write  a paragraph  one-half  page  long  in 
which  you  tell  a friend  the  most  important  things  about  “The 
Nature  of  Disease  Germs.” 

Self-testing  exercise  2.  Explain  the  difference  between  the 
meanings  of  the  terms  “bacterium”  and  “disease  germ.” 


Fig.  193.  A trichina 
worm  in  pork  meat. 
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Problem  2:  How  Are  Germs  Spread? 

Many  infectious  diseases  are  contagious  or  “catching”  be- 
cause the  germs  can  be  transferred  easily  from  person  to 
person.  Scientists  who  are  seeking  to  conquer  these  diseases 
spend  a large  part  of  their  time  and  effort  in  finding  out  just 
how  the  germs  reach  well  people.  Once  the  method  of  trans- 
fer has  been  discovered, 
they  can  take  intelligent 
measures  to  prevent  it. 

What  are  the  sources  of 
germs?  Most  germs  are 
not  able  to  stay  alive  for 
very  long  after  they  leave 
their  hosts,  because  they 
do  not  easily  find  places  in 
which  they  can  survive. 
Thus  the  most  important 
and  the  most  dangerous 
sources  of  germs  are  the 
bodies  of  persons  who  are 
ill  with  infectious  diseases. 
Just  as  dangerous  are  the 
bodies  of  animals  that  are 
sick  with  diseases  which  can  also  make  man  ill. 

The  germs  leave  the  bodies  of  diseased  human  beings  and 
animals  in  all  sorts  of  discharges,  the  principal  routes  of 
departure  depending  in  each  case  on  the  nature  of  the  disease. 
Those  which  affect  the  respiratory  organs  are  found  in  great 
numbers  in  the  saliva,  in  nasal  discharges,  and  in  the  sputum 
coughed  up  from  the  lungs.  The  sputum  of  tuberculosis 
patients  is  especially  dangerous.  The  germs  which  attack 
the  digestive  organs  are  quite  naturally  discharged  with  the 
waste  from  the  large  intestine.  Some  kinds  of  germs  may 
occur  in  the  urine  from  the  kidneys.  Diseases  which  cause 
eruptions  on  the  skin  often  give  out  great  numbers  of  germs 
on  scales  and  in  discharges  from  the  sores.  The  germs  of  a 


Fig.  194.  Tuberculosis  germs,  highly- 
magnified.  (Photo  from  General  Biologi- 
cal Supply  House,  Inc.) 
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few  general  diseases  may  be  found  in  practically  all  the  dis- 
charges from  the  bodies  of  the  unfortunate  persons  afflicted 
with  them. 

If  every  carrier  of  germs  carried  also  the  warning  signs  of 
illness,  the  control  of  disease  would  be  very  much  easier 
than  it  really  is.  Doctors  striving  to  prevent  the  spread  of 
disease  have  found  to  their  sorrow  that  persons  apparently 
well  may  spread  germs  wherever  they  go.  Thus,  persons 
who  have  had  diphtheria  or  typhoid  fever  and,  in  some  cases, 
persons  who  have  never  been  ill  with  the  disease  may  be 
“carriers”  of  the  germs.  A certain  cook  in  New  York  City, 
called  “Typhoid  Mary,”  was  not  sick  herself,  but  she  caused 
over  twenty  cases  of  typhoid  fever  before  it  was  discovered 
i that  she  was  the  source  of  the  germs.  Then,  having  agreed 
' never  to  be  a cook  again,  she  did  not  keep  her  promise,  and  a 
! few  years  later  caused  many  more  cases  of  typhoid  fever  in  a 
j hospital  where  she  went  to  work. 

I Some  kinds  of  germs  live  outside  the  human  body,  but 
I cause  illness,  and  sometimes  death,  when  they  get  into  the 
I body  through  wounds.  The  lockjaw  germ,  for  instance,  seems 

I regularly  to  live  in  the  intestines  of  horses  and  other  animals 
without  doing  any  harm.  Thus,  wounds  received  in  the 
neighborhood  of  stables  or  in  fields  fertilized  with  the  refuse 
li  from  stables  are  especially  liable  to  cause  lockjaw  {tetanus). 
} A very  high  percentage  of  the  wounds  in  the  early  days  of  the 
t Great  War  produced  lockjaw  because  the  fields  in  which 
I many  of  the  battles  were  fought  had  for  years  been  fertilized 
' with  stable  refuse. 

A simple  experiment  with  bacteria  will  help  you  to  under- 
' stand  some  of  the  sources  of  germs. 

Experiment  48.  How  may  germs  be  spread?  Prepare  several 
“bacteria  gardens,”  or  “cultures,”  as  follows:  Obtain  several 

small  round  dishes  or  pans  and  an  equal  number  of  larger  dishes 
which  may  act  as  covers  for  the  smaller  dishes.  (Use  petri-dishes 
I and  covers  if  available.)  Place  all  of  the  dishes  in  clean  water,  and 
' bOil  the  water  for  an  hour.  In  the  meantime,  place  about  four 
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ounces  of  gelatine  in  a quart  of  water.  Add  one-half  ounce  of  beef 
extract  or  about  a half  pint  of  rich  beef  broth,  one-half  ounce  of 
peptone  (this  is  not  absolutely  neces- 
sary), a pinch  of  salt,  and  a pinch  of 
baking  soda.  Heat  the  mixture  until  the 
gelatine  is  dissolved  and  the  liquid  is 
clear. 

Remove  the  dishes  from  the  hot  water 
and  immediately  pour  enough  of  the  hot 
culture  liquid  into  each  of  the  small 
dishes  to  make  a thin  layer  on  the  bot- 
tom of  the  dish.  Be  sure  to  rest  the 
dishes  on  a level  surface.  Cover  the 
dishes  with  the  larger  dishes  turned  upside 
down.  When  the  gelatine  has  cooled  and 
hardened,  proceed  as  follows: 

1.  Open  the  first  dish  for  a half-hour 
to  allow  the  air  to  come  in  contact  with 
the  culture;  then  cover. 

2.  Open  the  second  culture  dish  for  only  a moment  and  cough 
nto  it;  then  cover  it. 

3.  Open  the  third  dish  and  pour  a few 
drops  of  drinking  water  on  the  gelatine, 
spreading  it  around  by  shaking  the  dish; 
then  cover. 

4.  Open  the  fourth  dish  and  rub  your 
fingers  across  the  culture;  then  cover. 

5.  Leave  the  fifth  dish  covered. 

Keep  all  dishes  in  a warm  place  at 

about  70°  or  80°F.  for  two  or  three  days, 
and  then  examine  the  “gardens.”  If 
bacteria  have  entered,  they  will  grow  and 
produce  white  or  yellow  spots,  as  shown 
in  Figures  195,  196,  and  197.  Each  bac- 
terium grows  into  thousands,  which  make 
one  of  these  little  spots,  or  colonies.  What 
are  your  conclusions  in  answer  to  the  question  of  the  experiment? 

Note.  If  the  gelatine  cultures  cannot  be  made,  you  can  use 
slices  of  potato.  Wash  the  potato,  slice  it  into  pieces  about  one- 


Fig.  196.  The  bright 
part,  which  looks  like  a 
finger  print,  shows  where 
a few  drops  of  water  were 
spread.  Many  small  colo- 
nies of  bacteria  are  there. 


Fig.  195.  The  cover  of 
this  petri-dish  culture  was 
removed  for  20  minutes. 
The  large  snow-like  patch 
is  a mold  growth;  the 
small  spots  are  colonies  of 
bacteria. 
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quarter  inch  thick,  and  place  these  in  saucers  or  dishes.  Steam  the 
saucers  and  potato  slices  for  a half-hour;  then  remove  and  cover 
immediately  with  larger  dishes.  When 
the  dishes  and  potato  slices  are  cool, 
proceed  as  directed  with  the  hardened 
gelatine  cultures. 

Although  the  bacteria  which  grew 
in  your  cultures  during  the  experi- 
ment were  probably  harmless  kinds, 
a little  thought  regarding  the  experi- 
ment shows  us  the  general  ways  by 
which  disease  germs  reach  well  people. 

How  do  body  discharges  spread 


germs?  As  you  have  already  seen, 


Fig.  197.  Someone  rubbed 
his  finger  across  the  cul- 
ture; he  thought  his  hands 
were  clean ! 


germs  are  spread  from  sick  persons  and  from  “carriers”  in 
the  normal  discharges  of  the  body.  At  first  thought  you 
may  feel  that  it  is  very  difficult  for  germs  in  such  repulsive 
materials  to  get  into  the  bodies  of  well  persons;  however, 
body  discharges  are  actually  the 
most  common  means  of  spreading 
disease.  All  sorts  of  objects  and  ma- 
terials, even  food  and  water,  become 
contaminated  with  the  discharges  and 
carry  the  germs  far  and  wide. 

Spitting  is  an  especially  common 
way  of  distributing  germs.  A person 
who  has  tuberculosis,  for  example, 
may  spit  on  the  sidewalk  or  in  the 
washbowl.  Millions  of  dangerous 
germs  may  be  present  in  the  sputum. 
Later,  this  sputum  may  come  in  con- 
tact with  shoes,  clothing,  or  the  hands,  and  find  its  way  into 
the  body  of  another  person.  Coughing,  sneezing,  and  even 
talking  are  common  ways  of  throwing  out  germs  with  dis- 
charged material.  With  each  cough  or  sneeze,  and  con- 
stantly while  talking,  numerous,  almost  invisible  drops  of 


Fig.  198.  The  lid  of  this 
dish  was  not  removed; 
there  are  no  colonies  of 
bacteria  to  be  seen. 


264 


EVERYDAY  PROBLEMS  IN  SCIENCE 


nasal  discharge  and  saliva  are  thrown  into  the  air,  as  shown  in 
Figure  199.  If  a person  is  sick  or  is  a “carrier,”  there  is  danger 
that  the  droplets  will  carry  the  germs. 

You  will  recall  from  Unit  IV  (page  168)  that  food  furnishes 
a good  home  for  germs.  Any  germs  leaving  the  body  of  a sick 

person  or  “carrier”  and  acci- 
dentally getting  into  such  a 
food  as  milk  may  be  trans- 
ferred to  all  those  who  use 
the  milk. 

Experiment  49.  How  may 
milk  be  contaminated?  {a)  Pas- 
teurize a half-pint  of  raw  milk, 
or  use  pasteurized  milk. 

(&)  Sterilize  a test  tube  in 
boiling  water  for  a half-hour, 
or  by  heating  in  a gas  flame. 
Pour  some  of  the  pasteurized 
milk  into  the  tube  and  stopper 
it  with  sterile  cotton. 

(c)  Pour  milk  into  a second 
sterilized  test  tube;  allow  the 
tube  to  stand  unstoppered  for  a 
half-hour;  then  stopper  it. 

{d)  Wash  a third  test  tube 
with  ordinary  cold  water.  With- 
out drying  the  tube,  add  milk  and  stopper  it  with  cotton. 

(e)  Examine  the  milk  from  day  to  day  to  note  any  changes,  such 
as  curdling,  becoming  watery,  and  producing  bad  odors.  Do  not 
remove  the  stoppers.  What  are  your  conclusions  ? 


Fig.  199.  This  coughing  boy  is  a 
dangerous  playmate.  He  not  only 
has  bad  manners,  but  he  may  spread 
disease  to  his  friends  by  means  of 
the  spray  from  his  mouth. 


Bits  of  manure,  dirty  hands,  and  unclean  pails  and  cans 
carry  germs  into  the  milk.  There  is  one  instance  on  record 
where  four  hundred  cases  of  typhoid  fever  were  caused  by 
milk  handled  by  a germ  carrier.  In  another  instance  a milk- 
man with  a sore  throat  caused  over  two  hundred  cases  of  sore 
throat  among  his  customers.  Typhoid  germs  find  their  way 
into  milk  more  commonly  from  water  used  to  wash  or  rinse 
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the  cans  than  from  any  other  source.  Milk  may  also  carry 
diarrhoea,  diphtheria,  tuberculosis,  and  scarlet  fever  germs. 
Tuberculosis  is  very  common  among  cattle;  and  unless  care 
is  taken  to  test  the  herds  and  eliminate  the  sick  cattle,  the 
germs  are  almost  sure  to  find  their  way  into  the  milk.  Milk 
is  a good  carrier  of  germs  because  it  furnishes  excellent  food 
for  them;  and  when  the  temperature  is  favorable,  they 
multiply  rapidly  in  it.  Fortu- 
nately, today  most  herds  are 
tested  by  experts  for  our  pro- 
tection. 

Raw  oysters  are  always  a 
source  of  danger,  for  they  may 
come  from  water  which  con- 
tains sewage.  One  case  on 
record  shows  that  oysters  from 
polluted  water  near  Long 
Island,  New  York,  within  a 
short  time  caused  fifteen  cases 
of  typhoid  and  nearly  a hundred  cases  of  diarrhoea.  Nearly 
everyone  who  attended  a banquet  in  one  of  the  towns  where 
the  oysters  were  served  became  ill. 

Meats,  fruits,  and  vegetables  must  all  be  considered  as  pos- 
sible germ  carriers.  They  may  be  kept  in  unclean  and  un- 
covered places  where  germs  can  get  on  them.  Then,  if  they 
are  not  thoroughly  cooked,  the  germs  may  get  into  our 
bodies.  Perhaps,  as  you  have  already  seen  in  the  case  of  milk, 
the  greatest  danger  lies  in  the  preparation  of  food  by  those 
who  fail  to  keep  their  hands  clean  and  by  disease  carriers. 

What  has  been  said  about  food  applies  equally  well  to 
water,  except  that  germs  find  it  harder  to  live  in  water  than 
in  food.  In  fact,  the  number  of  germs  in  water  decreases 
when  water  is  allowed  to  stand  in  open  containers  exposed  to 
sunlight  (Figure  146,  page  197).  There  is,  however,  always 
the  danger  of  typhoid  and  cholera  germs  in  water  in  regions 
where  these  diseases  exist. 


Fig.  200.  Many  diseases  have 
been  spread  by  the  use  of  the 
apparently  clean  drinking  dipper 
and  pail. 
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Any  insect  which  comes  in  contact  with  germ-laden  dis- 
charges and  then  with  food  or  with  the  bodies  of  healthy 
persons  is  liable  to  spread  disease.  The 
ordinary  housefly  is  especially  dangerous  in 
this  respect.  Its  feet,  as  shown  in  Figure 
201,  are  very  hairy.  As  it  goes  about  to 
all  kinds  of  filth,  such  as  manure,  garbage 
cans,  toilets,  and  impure  food,  it  picks  up 
some  of  this  filth.  Later  it  walks  on  fruits 
and  other  uncovered  foods  or  finds  it  way 
into  our  houses  and  to  the  table.  As  it 
walks,  it  leaves  behind  bits  of  filth  con- 
taining disease  germs.  Figure  202  shows 
what  may  be  seen  a few  days  after  a fly  is 
allowed  to  walk  across  some  gelatine,  which 
contains  food  for  bacteria.  Each  spot  shows 
that  a bacterium  has  been  left  behind  and 
has  grown  into  a colony  of  thousands. 
Many  infectious  diseases  are  carried  by  the  housefly;  in  fact, 
typhoid  fever  is  so  commonly  spread  by  the  fly  that  the  name 
“typhoid  fly”  has  been 
suggested  for  it.  Next 
to  the  housefly,  the 
cockroach  is  probably 
the  most  dangerous  filth 
spreader. 

Suggested  Activity. 

Make  a survey  of  the 
grocery  stores,  meat  mar- 
kets, and  fruit  and  vege- 
table stands  in  your  neigh- 
borhood, and  of  your 
kitchen  and  refrigerator  to 
find  the  sources  of  danger 
to  your  food.  Make  a 
written  report  on  your  202.  Every  time  the  fly  walks  on 

investigation.  If  you  find  your  food,  it  leaves  a trail  of  filth. 


Fig.  201.  What  an 
excellent  germ-car- 
rier the  fly’s  foot 
makes ! 
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serious  violations  outside  the  home,  consult  your  teacher  about 
writing  a letter  to  the  board  of  health  explaining  what  you  have 
found. 

How  do  blood-sucking  insects  spread  germs?  The  third 
general  method  by  which  germs  are  spread  is  the  bites  of 
insects.  Mosquitoes,  ticks,  fleas,  and  other  insects  may  bite  a 
sick  person  or  other  germ  carrier  and  thus  take  some  of  the 


Fig.  203.  Each  of  these  three  kinds  of  mosquitoes  develops  through  four 
stages;  egg,  larva,  pupa,  adult.  In  the  larva  and  pupa  stages  they  breathe 
through  breathing  tubes  which  extend  above  the  surface  of  the  water. 


germs  into  their  own  bodies  with  the  blood,  which  is  their 
food.  In  some  cases  the  germs  go  through  special  stages  of 
development  in  the  body  of  the  insect.  Later,  when  the  insect 
bites  other  people,  some  of  the  germs  are  injected  into  the 
blood  of  the  new  victims. 

Certain  kinds  of  mosquitoes  are  the  most  dangerous  germ 
carriers  of  this  type,  although  the  mosquito  most  common  in 
our  country  is  practically  harmless.  Mention  was  made  in 
Problem  1 of  the  mosquito  which  carries  the  worms  which 
cause  elephantiasis.  Better  known  are  the  mosquitoes  which 
carry  malaria  and  yellow  fever,  a particular  kind  of  mosquito 
for  each  disease  (Figure  203).  In  some  tropical  regions,  such 
as  India,  millions  of  people  have  died  of  malaria  in  a single 
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year.  When  one  speaks  of  the  “deadly  climates”  of  the  tropical 
regions  of  the  British  Empire,  he  generally  refers  to  malaria. 
Yellow  Fever  is  another  mosquito-borne  plague,  described 
by  the  Conquistadores  of  the  Spanish  Main  as  “Nova  pestis” 
— the  new  pestilence.  The  disease  struck  first  in  the  West 
Indies  in  1647,  spread  through  Central  and  South  America 
and  was  carried  to  Europe.  At  Georgetown,  British  Guiana, 
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Fig.  204.  In  June,  1905,  Colonel  Gorgas  took  control  of  health  in  the 
Panama  Canal  Zone.  The  work  of  destroying  the  mosquito  was  im- 
mediately begun,  and  the  death  rate  was  reduced,  as  shown  by  this  figure. 

69%  of  the  garrison  were  carried  off  in  1840,  and  thirteen 
years  later  8000  people  died  in  New  Orleans.  But  the  be- 
ginning of  the  century  saw  the  disease  under  control,  and  the 
completion  of  the  Panama  Canal  is  a tribute  almost  as  great 
to  the  doctors  who  stamped  out  yellow  fever  as  to  the  engi- 
neers who  constructed  the  works  (Figure  204). 

Several  other  insects  which  spread  germs  through  their 
bites  are  worth  knowing  about,  although  they  are  less  impor- 
tant than  the  mosquitoes.  In  the  fourteenth  century  approxi- 
mately twenty-five  million  people  died  in  Europe  of  the  ter- 
rible bubonic  plague  which  was  carried  by  rats  and  fleas.  The 
fleas  carried  the  bubonic  plague  to  the  rats,  and  they,  in  turn, 
carried  it  to  human  beings.  At  that  time  it  was  not  known 
how  the  disease  was  carried.  Typhus  fever  spread  by  body 
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lice  has  caused  many  serious  epidemics,  and  during  the 
Great  War  killed  many  soldiers.  Relapsing  fever  is  spread 
by  bedbugs,  lice,  and  ticks.  The  sleeping  sickness  of  Africa 
is  spread  by  the  tsetse  fly. 

The  story  of  disease  carriers  of  this  type  should,  no  matter 
how  short,  contain  a word  of  praise, 
a tribute,  for  those  noble  men  who 
have  offered  their  lives  that  we 
may  know  the  cause  of  disease  and 
the  methods  of  spreading  germs. 

One  case  will  illustrate  the  spirit 
with  which  true  , scientists  work. 

In  1900  four  doctors  were  sent  to 
Cuba  to  study  the  cause  of  yellow 
fever.  The  disease  had  killed 
thousands  of  people  every  year 
throughout  the  Indies.  These 
I scientists  thought  the  disease  might 

I be  due  to  certain  mosquitoes, 

i There  was  only  one  way  to  prove 

^ their  idea  and  that  was  to  allow 

j themselves  to  be  bitten  by  the 

mosquitoes.  Two  of  the  brave 
j doctors  took  the  disease.  One 

js  recovered  after  a severe  illness,  but 

I'l  the  other  sacrificed  his  life  for  the 

t sake  of  his  fellow-men  (Figure  205).  The  doctors  having 
1^'  called  for  volunteers  to  help  them,  two  young  men  offered 
i themselves.  Both  came  down  with  the  disease  and  later 
fi  recovered,  but  one  of  them  became  physically  disabled  by 
the  experiment.  The  result  of  the  study  was  so  satisfactory 
'!i  that  within  two  years  the  disease  was  under  control.  It  is 
in  worth  while  asking  yourself  in  this  connection,  “Would  I be 
T.  willing  to  do  what  these  men  did  for  the  sake  of  other 
jjl?  people?”  The  history  of  mankind  shows  many  such  sacrifices 
,1)  made  for  the  benefit  of  us  all. 


Fig.  205.  On  a memorial 
tablet  to  Dr.  Jesse  W.  Lazear 
are  these  words:  “ With  more 
than  the  courage  and  devo- 
tion of  a soldier,  he  risked  and 
lost  his  life  to  show  how  a 
fearful  pestilence  is  commu- 
nicated and  how  its  ravages 
may  be  prevented.” 
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Suggested  Activity.  Find  the  names  of  as  many  contagious 
diseases  as  you  can.  List  them  in  a column,  and  after  each,  state 
the  ways  in  which  the  disease  is  spread  and  how  the  germs  enter 
the  body,  thus: 


Disease 

How  Spread 

Enters  Body 

Typhoid,  etc. 

Milk,  flies,  ice,  water 

Through  the 
mouth 

Self-testing  exercise  3.  Make  a list  of  the  careless  practices  by 
which  disease  germs  may  be  passed  from  sick  persons  to  well.  From 
your  own  experience,  add  after  each  practice  such  diseases  as  you 
know  have  been  spread  by  that  method,  thus: 


Careless  Practice 

Disease 

Using  another’s  handkerchief 

Tuberculosis 

Using  another’s  pencil 

Diphtheria 

Problem  3:  How  Do  Germs  Make  Us  Sick? 

How  do  germs  enter  the  body?  Most  disease  germs  enter  the 
body  through  the  mouth  and  nostrils.  They  are  carried  in 
with  the  food  we  eat,  the  water  we  drink,  and  the  air  we 
breathe,  if  they  are  present  in  these  substances.  Many  per- 
sons also  give  them  a chance  to  get  in  by  putting  unsanitary 
pencils,  fingers,  and  drinking  cups  into  their  mouths,  and  by 
kissing  persons  who  are  ill  or  are  carrying  germs.  Some  germs 
enter  the  body  where  tender  membranes  are  exposed,  as  in 
the  eyes.  Others,  especially  of  the  types  which  cause  boils 
and  carbuncles,  are  occasionally  able  to  work  their  way 
through  the  skin.  However,  most  of  those  which  enter 
through  the  skin  do  so  by  way  of  cuts  and  punctures. 

How  do  germs  behave  inside  our  bodies?  Once  inside  our 
bodies,  the  germs  find  plenty  of  food,  moisture,  and  warmth. 
Unless  the  body  is  able  to  kill  the  germs  or  prevent  their 
growth,  they  increase  in  size  quite  rapidly.  In  a short  time 
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each  one  divides  into  two  cells  in  the  same  way  that  other 
cells  do  (see  Figure  103,  page  140),  Then  the  two  grow  and 
produce  four.  Thus,  if  a single  germ  gets  into  the  body  and 
divides  into  two  new  germs  in  a half-hour,  and  the  new  ones 
continue  to  multiply  at  the  same  rate,  over  sixteen  million 
germs  will  be  formed  in  a half-day.  Of  course,  germs  are 
seldom  able  to  keep  up  this  rate  of  multiplication  for  any 
length  of  time,  because  conditions  become  less  favorable  for 
growth  as  soon  as  the  organisms  become  crowded. 

Germs  such  as  those  which  cause  blood  poisoning  and  lock- 
jaw seem  to  be  able  to  grow  well  in  any  part  of  the  body. 
Other  germs  seem  -to  prefer  certain  parts  of  the  body.  Thus, 
typhoid-fever  germs  usually  grow  best  in  the  intestines,  al- 
though they  sometimes  attack  other  parts.  The  pneumonia 
germ  attacks  principally  the  linings  of  the  lungs.  Often  germs 
get  into  the  blood  and  are  carried  by  the  blood  stream  to  the 
places  where  they  thrive  best.  Some  germs  seem  to  be  able 
to  migrate  along  the  nerves  to  reach  the  brain  and  spinal  cord. 

Occasionally  a certain  kind  of  germ  forms  what  is  known  as 
a focus  of  infection ; that  is,  the  germs  establish  themselves 
in  a certain  location,  from  which  they  are  carried  by  the 
blood  to  other  parts  of  the  body.  The  most  common  loca- 
tions for  foci  of  infection  are  the  tonsils,  teeth,  and  sinuses, 
or  cavities,  in  the  bones  of  the  head.  Doctors  frequently 
recommend  the  removal  of  tonsils  and  the  extraction  of  teeth 
because  they  have  become  infected.  Appendicitis,  rheuma- 
tism, and  heart  trouble  are  sometimes  the  result  of  such  focal 
infections. 

Having  entered  the  part  of  the  body  where  they  thrive,  the 
germs  multiply  rapidly,  securing  their  nourishment  from  the 
body  cells.  In  so  doing,  they  often  destroy  great  numbers  of 
cells.  However,  most  of  the  damage  is  done  by  poisons  called 
toxins,  which  most  germs  produce  as  they  grow.  Some  of  the 
toxins  cause  only  local  swelling,  redness,  and  pain,  but  others 
are  carried  all  over  the  body  by  the  blood.  Thus,  diphtheria 
germs  growing  in  the  throat  give  off  toxin  which  enters  the 
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blood  and  poisons  the  heart,  nerves,  and  kidneys.  Usually 
the  germs  cause  the  blood  vessels  in  the  infected  area  to 
enlarge,  thus  producing  redness,  or  inflammation.  In  cases 
where  the  germs  are  confined  to  a small  area,  as  in  boils  and 
abscesses,  the  dead  cells,  the  white  corpuscles  (whose  work  is  to 
destroy  the  germs),  and  the  germs  form  masses  of  material 
called  pus.  Although  toxins  seem  to  be  responsible  for  some 
of  the  symptoms,  or  signs,  of  disease,  the  causes  of  many 
symptoms  are  not  yet  understood.  Nevertheless,  by  the  study 
of  such  symptoms  as  tiredness,  pain,  headache,  and  fever  the 
doctor  is  usually  able  to  diagnose,  or  identify,  a disease. 

The  time  which  elapses  between  the  entrance  of  the  first 
germs  into  the  body  and  the  appearance  of  the  first  symptoms 
of  a disease  is  known  as  the  incubation  period  of  that  disease. 
Its  length  is  different  for  different  diseases  and  for  different 
people,  varying  from  two  days  to  three  weeks  or  more. 

The  poisons  and  the  destruction  of  body  cells  resulting 
from  infectious  diseases  may  cause  the  organs  of  the  body  to 
be  injured.  In  such  cases  the  infectious  diseases  may  produce 
organic  diseases.  Thus,  while  we  spoke  of  two  kinds  of  dis- 
eases in  the  Story  of  the  unit,  one  kind  may  lead  to  another 
unless  proper  precautions  and  treatment  of  infectious  diseases 
are  practised. 

Suggested  Activity.  Appoint  a committee  to  take  the  papers 
for  self-testing  exercise  4 from  all  the  members  of  the  class  and 
make  up  a table  which  will  show  the  different  infectious  diseases 
members  of  the  class  have  had  and  how  many  have  had  each  disease. 
Post  the  results  on  the  bulletin  board  or  put  the  table  on  the  black- 
board so  that  all  members  of  the  class  can  see  which  are  the  most 
common  diseases  for  your  group.  If  there  are  other  science  classes 
in  your  school,  get  similar  data  from  all  classes  and  combine  them 
into  a single  table. 

Self-testing  exercise  4.  Name  the  diseases  you  have  had,  and 
following  each,  state  the  symptoms  which  led  you  and  the  doctor  to 
know  what  the  disease  was. 

Self-testing  exercise  5.  A single  typhoid  germ  in  a glass  of  water 
may  make  you  seriously  ill.  How  is  this  possible? 
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Problem  4:  How  Does  the  Body  Protect  Itself 
Against  Disease  Germs? 

With  disease  germs  all  about  us,  it  might  seem  that  we 
would  always  be  sick.  Fortunately,  the  body  has  means  of 
protecting  itself  against  the  dangerous  plant  and  animal 
germs.  Let  us  see  how  the  body  does  this. 

How  are  germs  kept  out  of  the  body?  The  body  provides 
barriers  against  the  entrance  of  germs.  The  hairs  in  the  nose 
and  the  moisture  in  the  nasal  passages 
help  stop  the  germ-carrying  dust  from 
entering  the  throat  and  lungs  (see  pages 
229-230).  In  this  way  the  delicate  lung 
lining  is  protected,  and  the  disease  germs 
cannot  easily  find  their  way  into  the 
body.  Moreover,  the  nose  expels  a 
liquid  which  washes  out  dust  and  germs. 

The  skin  protects  the  body  from 
germs  by  acting  as  a sanitary  cover  over 
the  easily  infected  interior  parts.  How 
important  this  is  you  may  readily  realize 
when  you  recall  that  the  least  cut  or 
bruise  of  the  skin  may  lead  to  a serious 
infection.  Knowing  how  easily  the  tis- 
sues under  the  skin  are  infected,  surgeons 
most  carefully  cleanse  their  hands  and  surgical  instruments 
in  water  treated  with  germ-killing  chemicals  before  they  cut  or 
probe  through  the  skin. 

How  do  the  white  corpuscles  destroy  germs?  Inside  the 
healthy  body  there  is  always  ready  an  army  to  fight  the 
disease  germs  which  gain  an  entrance.  Nearly  every  adult  has 
been  attacked  by  tuberculosis  germs,  as  well  as  by  other  germs, 
but  the  germs  have  been  conquered  before  serious  damage 
was  done.  This  army  which  serves  to  protect  the  body  is 
composed  largely  of  small,  colorless  cells  in  the  blood,  called 
white  corpuscles  (Figure  206).  When  germs  appear  in  the 
lungs,  intestines,  a cut,  or  in  any  part  of  the  body,  and  start 


Fig.  206.  The  white 
corpuscles  are  the 
standing  army,  the  de- 
fenders, of  the  human 
body.  They  rush  to 
the  point  of  attack  by 
germs  and  usually  con- 
quer the  invaders. 
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to  grow,  the  white  corpuscles  attack  and  destroy  them.  The 
germs  are  killed  and  changed  to  harmless  materials  by  the 
white  corpuscles. 

How  does  the  body  protect  itself  with  chemicals?  The 

cells  of  the  body  also  form  many  chemicals  which  aid  in 
overcoming  germs  and  their  toxins.  Such  chemicals  are 
known  as  antibodies.  Some  of  them  make  the  bacteria  more 
attractive  to  the  white  corpuscles;  some  make  the  bacteria 
stick  together  in  bunches;  others  actually  kill  the  bacteria 
and  cause  them  to  dissolve ; and  still  others  act  on  the  toxins 
in  such  a way  as  to  neutralize  them  or  make  them  harmless. 
The  particular  kind  of  chemical  which  neutralizes  a toxin  is 
called  an  antitoxin.  The  antibodies  produced  to  ward  off  one 
attack  of  germs  may  remain  in  the  body  and  protect  it  from 
attacks  of  the  same  kind  of  germ  for  years  or  even  for  a life- 
time. This  is  true  of  diphtheria  and  scarlet  fever.  When  one 
is  protected  against  a disease  by  the  antibodies  in  his  blood, 
he  is  said  to  be  immune  to  that  disease.  If  the  antibodies 
disappear  after  a longer  or  shorter  time,  the  immunity  is  lost, 
and  the  person  again  becomes  susceptible  to  the  disease. 

The  ability  of  the  body  to  protect  itself  from  some  diseases, 
such  as  measles,  mumps,  and  smallpox,  does  not  seem  to 
change  markedly  from  time  to  time,  except  that  one  may 
become  immune,  as  described  above.  However,  in  the  case 
of  colds,  pneumonia,  and  tuberculosis,  one’s  body  may  be 
able  to  protect  itself  when  it  is  in  good  condition,  but  it  may 
be  easily  overcome  when  weakened  in  some  way.  Poor 
health  habits,  chilling,  exposure,  fatigue,  and  the  attacks  of 
other  diseases  all  lower  the  resistance  of  the  body  to  such 
diseases.  We  should,  therefore,  be  careful  not  to  allow  our- 
selves to  be  “run  down”  physically.  We  must  keep  our 
bodies  at  their  best  if  they  are  to  do  their  full  share  in  fighting 
the  germs  of  disease,  which  are  constantly  entering  the  body 
even  though  we  take  great  precautions. 

Self-testing  exercise  6.  State  several  reasons  why  some  people 
are  more  apt  to  “catch”  a disease  than  others. 
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Problem  5 : How  Can  We  Help  the  Body  to  Protect 
Itself  Against  Disease? 

Why  should  we  call  on  the  doctor  to  help  our  bodies?  By 

years  of  patient  study  bacteriologists  have  learned  a number 
of  effective  ways  by  which  the  body  may  be  aided  in  its  fight 
against  the  germs  of  infectious  diseases.  This  knowledge  has 
been  passed  on  to  the  physicians,  who  are  skilled  in  diagnosing 

When  Others  Fail 

C«n  aad  let  us  grive  you  a careful,  pains, 
taking;  examination  absolutely  free.  Our 
opinion  and  advice  .will  cost  you  nothing 
Perhaps  a little  advice  Is  all  you  need. 

X-Jtay  examinations,  when  necessary. 

No  money  required  to  comrjence  treat- 
ment. and  you  caiv-  arrange  to  pay  fee 
when  cured. 

FEES  ONLY 

$5  to  $10 

IN  SIMPL£  CASES 

You  Can  Pay  Fee  When  Cured 

Fig.  207.  An  advertisement  of  a “quack”  doctor  in  the  United 
States.  According  to  law,  such  an  advertisement  as  this  cannot  be 
published  in  Canada  by  doctors  of  medicine.  (Courtesy  American 
Medical  Association.) 

diseases  and  in  the  knowledge  of  the  structure  of  the  body. 
Thus,  the  first  suggestion  in  helping  the  body  is  not  to  try  to 
treat  a disease  yourself,  nor  to  call  on  a “quack”  or  “fake” 
doctor,  nor  to  use  patent  medicines  and  “dope”  recommended 
by  untrained  persons  (Figure  207).  You  will,  if  you  are 
sensible,  call  a doctor  whose  training  has  been  the  best  and 
whose  character  is  known  and  recognized  to  be  above  criticism. 
And  you  should  call  him  early,  before  any  disease  gets  a firm 
hold  on  you. 

You  should  realize,  also,  the  value  of  depending  on  the 
doctor  and  the  dentist  even  when  you  are  well.  By  regular 
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examinations  these  trained  experts  may  save  you  days  of 
suffering.  By  injecting  a tiny  bit  of  diphtheria  toxin  under 
the  skin  in  what  is  known  as  the  Schick  test,  they  are  able 
to  tell  whether  or  not  you  are  immune  to  diphtheria.  Simi- 
larly, by  using  the  Dick  test  they  detect  immunity  or  suscep- 
tibility to  scarlet  fever.  Other  ways  in  which  the  doctor 
determines  what  help  the  body  needs  in  case  of  sickness 
and  what  medicine,  if  any,  should  be  given,  are  too  difficult 
for  us  to  understand  at  this  time.  Yet  we  may  understand 
some  of  the  general  plans  by  which  the  doctor  is  able  to  help 
the  body  and  thus  may  cooperate  intelligently  with  him  in 
his  effort  to  do  so. 

We  have  already  seen  that  the  body  best  resists  certain 
germs  when  it  is  in  good  physical  condition.  How  well  we 
take  care  of  our  bodies  is  largely  within  our  own  control,  for 
most  of  us  can  make  sure  that  we  have  plenty  of  rest,  good 
air,  exercise,  proper  diet,  and  regular  habits  of  elimination. 
On  such  matters  the  advice  of  the  physician  is  of  great  value. 
In  addition,  there  are  two  other  important  ways  by  which  the 
physician  may  assist  the  white  corpuscles  and  the  chemical 
substances  within  the  body  in  their  fight  against  germs.  First, 
the  body  may  be  stimulated  to  make  large  amounts  of  germ- 
fighting chemicals  in  preparation  for  the  attacks  of  germs. 
Second,  such  chemicals  may  be  made  in  the  blood  of  animals 
and  put  into  the  human  body  to  aid  in  overcoming  the  germs 
or  their  poisons. 

How  can  we  cause  the  body  to  make  antibodies?  The 

method  of  aiding  the  body  to  produce  antibodies  may  best  be 
illustrated  in  connection  with  smallpox.  In  1798,  Edward 
Jenner,  an  English  physician,  found  that  persons  who  had 
had  cowpox  did  not  become  ill  with  smallpox.  Cowpox  is 
a disease  which  produces  swellings  and  sores  on  cattle.  In 
milking  cows  which  had  cowpox,  some  people  got  material 
from  the  sores  on  the  udders  into  cracks  or  scratches  on  their 
hands.  A sore  would  appear  on  the  hand  and  a slight  illness 
would  develop,  but  after  recovery  the  person  was  immune 
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to  smallpox.  Noticing  this  fact,  Jenner  obtained  some  of 
the  watery  material  from  cowpox  swellings  and  placed  it  on 
scratches  in  the  skin  of  persons  who  desired  to  be  immune  to 
smallpox.  The  material  which  produced  the  disease  was  given 
the  name  vaccine,  and  the  process  of  inoculating  persons  with 
it  was  called  vaccination.  The  average  length  of  the  immunity 
produced  in  this  way  is  about  seven  years.  As  a result  of  the 
work  of  Jenner  and  others,  the  death  rate  from  smallpox  has 
been  greatly  reduced;  and  the  disease  can  be  practically 
eliminated  if  people  are  made  to  realize  the  value  of  being 
regularly  vaccinated. 

Today  vaccines  of  various  kinds  are  prepared  in  very  pure 
form  and  so  applied  to  the  human  body  that  there  is  little 
danger  of  infection  by  other  germs.  Successful  methods  have 
been  developed  for  producing  immunity  against  diphtheria, 
scarlet  fever,  typhoid  fever,  paratyphoid  fever,  cholera,  and 
rabies.  Depending  upon  the  particular  disease,  the  vaccine 
used  may  consist  of  weakened  or  dead  germs,  weakened  toxin, 
or  toxin  mixed  with  antitoxin.  When  the  proper  kind  of 
vaccine  for  a given  disease  is  introduced  into  the  body,  the 
cells  are  stimulated  to  manufacture  antibodies  against  that 
particular  disease.  These  tend  to  remain  in  the  body  for  a 
long  time.  The  immunity  produced  in  this  way  is  known  as 
active  immunity,  because  the  body  itself  is  active  in  making 
the  antibodies. 

That  this  method  of  preventing  disease  and  death  is 
effective  is  shown  wherever  records  are  kept.  One  city  had 
3811  cases  of  smallpox  over  a certain  period  of  years.  One 
hundred  seventy-one  of  these  persons  died,  but  among  these 
there  was  not  a single  person  who  had  been  properly  vacci- 
nated. Army  records  show  that  of  approximately  100,000 
soldiers  who  took  part  in  the  Spanish-American  War  about 
10,000  had  serious  cases  of  typhoid,  and  1500  died.  In  the 
Great  War  whole  armies  were  vaccinated  against  typhoid 
and  paratyphoid.  Out  of  4,000,000  soldiers  in  one  army 
there  were  only  about  300  cases  of  typhoid  and  23  deaths. 
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How  are  germ-fighting  chemicals  made  outside  our  bodies? 

Antitoxins,  given  for  diphtheria,  tetanus  (lockjaw),  scarlet 
fever,  and  certain  other  diseases,  act  in  a different  way  from 
vaccines  to  produce  immunity.  The  preparation  of  an  anti- 
toxin is  well  illustrated  by  the  method  used  in  diphtheria. 
The  diphtheria  germs  are  grown  in  cultures  in  the  laboratory. 
Here  they  produce  their  toxins.  These  toxins,  without  any 
live  germs,  are  injected  into  a healthy  horse  especially  selected 

for  the  purpose.  At 
regular  periods  of  a 
few  days  each,  more 
and  greater  doses  of 
toxins  are  given  the 
horse.  The  toxins 
cause  the  cells  of  his 
body  to  manufacture 
more  and  more  an- 
titoxin until  the 
blood  contains  large 
amounts.  Some 
blood  is  then  re- 
moved from  the 
horse,  and  the  serum, 


Fig.  208.  The  dotted  line  shows  the  diphtheria 
death  rate  for  different  years  in  places  which 
did  not  use  antitoxin.  The  solid  line  shows  the 
death  rate  for  places  using  antitoxin. 


or  watery  part,  is  separated  from  it.  This  serum,  containing 
the  antitoxin,  is  then  injected  into  the  body  of  one  who 
has  been  exposed  to  diphtheria  germs  or  who  is  already 
suffering  from  the  disease. 

If  this  is  done  during  or  before  the  first  day  on  which  the 
symptoms  of  diphtheria  appear,  the  patient  is  well  within  a 
few  days.  If  a patient  waits  two  or  three  days  before  taking 
the  antitoxic  serum,  he  does  not  recover  so  quickly  and 
surely.  If  he  waits  still  longer,  the  serum  does  little  good. 
Figure  208  shows  how  the  death  rate  from  diphtheria  may  be 
reduced  by  the  use  of  antitoxin.  When  antitoxins  are  used 
for  protection  before  the  symptoms  of  disease  appear,  the 
immunity  which  is  produced  is  known  as  passive  immunity, 
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because  the  body  has  no  part  in  the  making  of  the  chemicals. 
This  type  of  immunity  does  not  last  nearly  so  long  as  does 
active  immunity,  but  antitoxins  are  usually  more  effective 
than  vaccines  when  there  is  immediate  danger  of  disease. 

Self-testing  exercise  7.  How  often  should  you  be  vaccinated 
against  smallpox?  Explain  your  answer. 

Self-testing  exercise  8.  Explain  the  difference  (a)  between  vac- 
cines and  antitoxins,  and  (b)  between  active  immunity  and  passive 
immunity. 

Self-testing  exercise  9.  What  experiences  have  you  had  which 
indicate  that  being  in  poor  physical  condition  lowers  the  resistance 
of  the  body  to  germs?  Tell  about  them. 

Problem  6 : How  May  the  Spread  of  Disease  be 
Decreased  or  Prevented? 

Study  Suggestion.  As  was  pointed  out  in  Problem  2,  the  pre- 
vention of  the  spread  of  disease  depends  directly  on  our  knowledge 
of  how  the  germs  are  transferred  from  person  to  person.  You  will, 
therefore,  find  it  helpful  to  review  Problem  2 briefly  before  beginning 
your  study  of  Problem  6. 

Although  infectious  disease  has  been  greatly  reduced  by 
immunizing  people  to  such  diseases  as  smallpox  and  diph- 
theria, more  good  has  been  done  by  learning  how  to  keep 
germs  from  spreading. 

How  are  germs  killed?  So  easy  is  the  transfer  of  germs 
from  sick  persons  that  unless  we  know  how  to  kill  germs,  we 
have  great  difficulty  in  preventing  them  from  reaching  well 
persons.  Germs  thrive  best  and  usually  live  longest  in  moist, 
dark,  warm  places  where  there  is  food  for  them  and  where  the 
chemical  conditions  are  suitable.  By  placing  the  germs  under 
other  conditions,  their  growth  is  stopped,  or  they  are  killed. 
Thus  many  kinds  are  killed  by  being  dried  out,  unless  they 
are  able  to  form  spores.  Most  kinds  of  germs  cannot  live  if 
heated  to  the  temperature  of  boiling  water,  especially  if  they 
are  in  actual  contact  with  the  hot  water.  Very  high  tempera- 
tures destroy  all  germs.  Sunlight  is  very  injurious  to  them. 
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and  many  articles  that  cannot  be  freed  from  germs  in  any 
other  way  may  be  exposed  to  sunlight  and  air  for  a few  hours. 

There  are  many  chemicals,  too,  which  are  noted  for  their 
ability  to  prevent  the  growth  of  or  to  kill  germs.  Such  chemi- 
cals are  known  as  antiseptics,  disinfectants,  or  germicides.  The 
term  “antiseptic”  applies  to  substances  which  prevent  the 
growth  and  development  of  germs,  but  do  not  necessarily  kill 
them.  Disinfectants  or  germicides  are  good  germ-killers.  Ef- 
fective disinfectants  in  common  use,  which  are  poisonous  if 
taken  into  the  body  in  any  considerable  quantity,  are  formal- 
dehyde gas  (known  as  formalin  when  dissolved  in  water), 
corrosive  sublimate  (bichloride  of  mercury),  iodine,  carbolic 
acid,  and  silver  nitrate.  Other  substances  which  are  quite 
effective  in  killing  germs,  and  yet  are  not  violent  poisons,  are 
peroxide  of  hydrogen,  potassium  permanganate,  mercuro- 
chrome,  and  alcohol.  Chlorine  gas  is  poisonous  if  breathed  in 
large  amounts;  but  if  it  is  dissolved  in  water  in  very  small 
amounts,  it  does  not  seem  to  be  harmful  to  the  body  and  yet 
is  quite  effective  in  killing  germs. 

Most  of  the  disinfectants  are  dissolved  in  water  or  alcohol, 
but  a few  are  used  in  the  form  of  gases,  as,  for  example,  when 
whole  rooms  must  be  disinfected  or  fumigated.  In  using  any 
poisonous  disinfectant,  with  the  possible  exception  of  iodine 
solution,  you  should  consult  a good  druggist  or  a physician. 

The  process  of  killing  all  the  germs  which  may  be  on 
objects  or  in  substances  is  known  as  sterilization.  Objects  or 
materials  free  from  germs  are  said  to  be  sterile.  The  sterilizing 
or  disinfecting  agents  which  you  should  always  keep  in  mind 
are  heat,  water  or  alcohol  containing  germicides,  and  sun- 
shine. 

How  may  we  avoid  the  transfer  of  germs  by  direct  contact? 

Preventing  the  spread  of  disease  by  direct  contact  with  car- 
riers of  the  germs  is  simple,  but  not  always  easy.  Everyone 
must  be  careful  not  to  touch  persons  or  animals  with  infectious 
diseases,  and,  when  sick,  must  not  touch  well  persons.  Hydro- 
phobia v/as  almost  eradicated  from  England  at  one  time  by 
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enforcing  a law  which  required  the  muzzling  of  all  dogs  so  that 
they  could  not  bite  and  thus  transmit  the  disease.  Difficulty 
arises  from  the  fact  that  we  are  not  willing  to  be  careful 
enough.  Furthermore,  we  cannot  always  know  who  is  carry- 
ing germs  about  with  him.  A person  ill  with  an  infectious 
disease  may  carry  on  his  usual 
activities  for  a day  or  two  before 
finding  out  why  he  is  feeling  so 
miserable.  It  is  well  to  wash  the 
hands  thoroughly  with  soap  and 
water  at  the  first  opportunity  after 
shaking  hands  with  large  numbers 
of  people. 

Quarantine,  that  is,  the  prevent- 
ing of  any  one  from  entering  or 
leaving  buildings  in  which  there 
are  cases  of  dangerous  contagious 
disease,  is  designed  to  prevent  the 
spread  of  germs  by  direct  contact 
as  well  as  by  other  means.  Quar- 
antine and  isolation  imposed  by 
the  health  authorities  should  be 
faithfully  heeded,  regardless  of 
whether  or  not  the  disease  seems 
dangerous  to  you  and  no  matter  how  uncomfortable  such 
quarantine  may  be. 

How  do  we  prevent  the  spread  of  the  germs  given  off  in 
body  discharges?  Cleanliness  and  care  in  handling  objects 
touched  by  sick  persons  and  in  disposing  of  the  discharges 
from  their  bodies  is  one  method  which  everyone  can  use  to 
decrease  the  spread  of  disease.  If  you  only  stop  to  think, 
you  will  realize  that  no  sensible  person  would  put  another’s 
pencil  in  his  mouth,  eat  of  the  same  candy  or  other  food, 
bathe  in  a dirty  bathtub,  use  an  unclean  toilet  seat,  sleep  on 
bedclothes  which  were  used  by  a sick  person  and  not  dis- 
infected, use  a dirty  handkerchief  or  roller  towel,  or  follow 


Fig.  209.  This  type  of  drink- 
ing fountain  is  most  sanitary 
because  the  mouth  does  not 
come  in  contact  with  any 
part  of  the  fountain. 
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numerous  similar  careless  and  dangerous  practices.  At  all 
times  it  is  safer  to  avoid  using  the  personal  belongings  of  others. 

Proper  regard  for  your  own  well-being  and  for  those  about 
you  is  one  of  the  easiest  and  most  successful  ways  to  keep 
germs  from  spreading.  Even  before  you  come  down  with  an 
infectious  disease,  you  can  know  that  you  are  becoming  sick. 
Coughing  or  sneezing,  sore  throat,  fever,  headache,  vomiting, 

diarrhoea,  breaking  out 
with  a rash , feeling  tired  and 
worthless,  and  having  chills 
are  some  of  the  symptoms 
that  you  may  be  taking  or 
have  taken  a disease.  In 
such  cases  it  is  your  duty 
to  stay  in  your  room  and 
to  call  a doctor.  To  go  out 
and  be  with  other  boys 
and  girls  is  most  unfair, 
besides  endangering  your 
own  health. 

Sick  people  should  be 
Fig.  210.  Employees  of  a large  dairy  kept  away  from  Others, 
com,Mny  having  their  regular  mouth  greatest  care  in 

and  throat  inspection.  (Herbert  photo.)  , , . , . , 

handling  objects  which 

they  touch  must  be  practised.  It  is  wise  for  one  who  attends  a 
sick  person  to  wear  a slip-over  gown  which  may  be  left  in  the 
sick-room.  The  hands  should  be  carefully  washed  on  leaving 
the  room.  Paper  handkerchiefs  and  paper  bags,  which  may 
later  be  burned,  should  be  used  as  receptacles  for  discharges 
from  the  nose  and  mouth.  Basins  and  other  necessary  metal 
or  porcelain  vessels  should  be  kept  clean  and  sanitary  by 
washing  in  water  containing  germ-killing  chemicals.  And 
upon  the  recovery  of  one  who  has  a contagious  disease,  all 
clothes  and  articles  in  the  room  should  be  disinfected  or  steri- 
lized. The  method  of  protection  against  coughing,  sneezing, 
and  spitting  is  clear  to  any  thinking  person. 
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KILL  THE  TUBERCULAR  COW 


SHE  SPREADS  THIS 
DREAD  DISEASE 
TO 


Every  kind  of  food  which  is  to  be  used  without  thorough 
heating  must  be  carefully  guarded  against  contamination  by 
discharges  from  sick  per- 
sons and  “carriers.”  In  the 
larger  cities  all  men  who 
handle  milk  are  carefully 
examined.  There  should  be 
laws,  as  there  are  in  some 
cities,  which  require  that 
cooks  and  waiters  in  public 
eating  places  be  regularly 
examined.  All  milk  should 
come  from  healthy  cows, 
kept  in  clean  stables  and 
milked  by  sanitary  meth- 
ods. To  kill  any  germs 
present,  pasteurization  is 
used.  It  must  conform 
to  certain  requirements. 

Heating  the  milk  to  144°F.  for  30  minutes  is  most  satisfactory 
(see  page  171).  This  kills  all  pathogenic  bacteria  and  many 
of  the  other  hardier  ones.  Tubercular  cows  should  be  dis- 
covered by  testing  all  cattle  in  herds  whose  milk  is  used  for 

human  consumption.  All  in- 
fected cattle  should  then  be 
killed  (Figure  211). 

In  the  home  equal  care 
must  be  practised.  Thousands 
of  babies  die  because  their 
milk  bottles  and  the  rubber 
nipples  are  not  kept  clean. 
Being  a baby  is  the  most 
dangerous  life  in  the  world, 
_ , simply  because  older  people 

tiG.  212.  No  human  hands  touch  , a i -n  • 

the  milk  when  it  is  bottled  this  way.  careless.  And  milk  is  one 

(Ewing  Galloway.)  of  the  greatest  sources  of 


IT  S A CRIME  TO  KEEP 
THAT  COW 

Fig.  211.  A poster  widely  used  in  the 
war  on  the  tubercular  cow.  (Interna- 
tional Harvester  Co.) 


284 


EVERYDAY  PROBLEMS  IN  SCIENCE 


danger.  Bottles  are  not  kept  in  the  refrigerator,  caps  are 
removed  and  not  replaced,  glasses  are  not  cleaned  pro- 
perly, hands  are  not  washed  before  handling  the  bottles, 
the  mouths  of  bottles  are  not  kept  clean,  and  in  many 
other  ways  it  is  possible  for  germs  to  get  into  the  milk. 

Practically  every  large  city  in  the  world  finds  it  necessary 
to  spend  much  money  to  keep  its  water  supply  from  becom- 


TYPHOID  FEVER  MORTALITY 
TORONTO  - 1901-1934 


Fig.  213.  By  purifying  the  water  supply,  requiring  the  pasteurization 
of  milk,  and  other  means,  Toronto  has  reduced  the  typhoid  death  rate 
from  a peak  of  over  40  per  100,000  to  less  than  1 per  100,000. 

ing  polluted,  and  to  purify  it.  Similarly,  in  the  country,  every 
precaution  against  water-borne  diseases  should  be  practised. 
Figure  213  shows  how  the  death  rate  from  water-borne  disease 
can  be  reduced  by  providing  a pure  water  supply.  Note  how 
abruptly  the  number  of  deaths  from  typhoid  dropped  as  soon 
as  the  water  was  treated  with  chlorine  and  filtered.  Pasteur- 
ization of  milk  resulted  in  an  equally  abrupt  decline  in  the 
death  rate.  Not  only  was  this  true  in  Toronto  but  in  every 
city  where  modern  sanitation  methods  are  used. 
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Suggested  Activity.  Refer  to  Unit  V and  enumerate  the  dif- 
ferent methods  used  to  protect  people  from  the  disease  germs  in 
water.  Following  each,  indicate  how  the  method  protects  us,  thus: 


Protects  Us  By 


Proper  construction  of  shallow  wells 
Etc. 


Keeping  germs  out  of  the  water 


Fig.  214.  Part  of  a modern  Canadian  dairy.  Note  the  pasteurization 
plant  in  the  upper  left.  In  this  modern  plant  milk  does  not  come  into 
contact  with  the  air  from  the  time  it  enters  the  plant  until  it  reaches 
the  consumer.  (City  Dairy.) 


Next  to  food  and  water,  flies  are  probably  the  most  dan- 
gerous spreaders  of  filth.  Manure  piles,  garbage  cans,  open 
toilets,  rubbish  piles,  and  sewage  are  the  joys  of  a fly’s  life. 
In  these  the  fly  finds  its  appetizing  food  and  a most  desirable 
place  to  raise  its  young.  Here  the  female  fly  may  lay  from  1 20 
to  150  eggs  at  a single  time.  Four  or  five  such  batches  may  be 
laid  during  a season.  Under  proper  conditions  of  warmth 
and  moisture  each  of  these  eggs  grows  into  a larva,  or  small 
white  worm,  in  less  than  a day;  the  larva,  or  maggot,  becomes 
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a pupa  after  about  five  days;  the  pupa  in  turn  grows  into  a fly 
in  five  or  six  more  days  (Figure  215).  Thus,  within  a season  a 
single  fly  may  produce  over  five  hundred  new  flies,  each  of 
which  endangers  our  lives.  And  as  each  female  fly  becomes 
two  weeks  old,  she  may  lay  eggs  and  so  produce  still  more. 
Thus  a single  fly  may  start  to  multiply  in  April  and  bring 
into  the  world  6,000,000,000,000  flies  by  September. 

It  is  clear  that  the  most  effective  way  to  fight  the  fly  is  to 
prevent  the  fly  from  multiplying.  Every  one  of  the  above- 


Larva. 


Pupa 


Adult 


Fig.  215.  Like  the  mosquito,  the  fly  goes  through  the  egg,  larva, 
pupa,  and  adult  stages.  Note  that  only  about  eleven  days  are  required 
for  development  from  egg  to  adult  fly. 

mentioned  homes  of  the  fly  can  be  treated  with  chemicals 
which  kill  the  fly  eggs  and  which  keep  the  fly  from  spending 
its  time  in  such  places.  Thus,  borax  may  be  spread  on  manure, 
and  lime  or  bleaching  powder  may  be  placed  in  garbage, 
open  toilets,  rubbish  piles,  and  sewage.  Garbage  cans  can  be 
kept  clean  and  covered,  and  the  garbage  can  be  regularly 
disposed  of ; open  toilets  may  be  eliminated  by  building  septic 
tanks,  or  they  may  be  protected  by  screens;  rubbish  piles  can 
be  burned  or  hauled  away.  How  important  it  is  to  keep  flies 
away  from  ourselves  and  our  food  is  shown  by  the  fact  that 
an  examination  of  the  feet  of  more  than  one  hundred  flies 
showed  that  each  fly  carried  over  one  million  germs. 

Suggested  Activity.  Make  a survey  of  your  community  to  dis- 
cover the  presence  of  breeding  places  for  flies.  Report  your  findings. 
Organize  a school  or  a community  squad  to  rid  the  community 
of  flies  in  the  spring  of  the  year. 
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How  may  we  prevent  the  spread  of  disease  by  blood- 
sucking insects?  The  principal  methods  by  which  the  danger 
from  all  kinds  of  mosquitoes  can  be  controlled  may  be  con- 
sidered under  three  heads:  {a)  preventing  their  growth, 
(&)  killing  the  larvae  and  the  pupae,  and  (c)  protecting  our- 
selves against  the  full-grown  mosquito.  The  prevention  of 
the  growth  of  mos- 
quitoes may  be 
brought  about  by 
eliminating  the 
conditions  under 
which  they  can  live 
and  multiply.  Com- 
mon methods  of 
doing  this  are  pro- 
tecting cisterns, 
cesspools,  rain  bar- 
rels, sinks,  and 
water  pails  with 
screen  or  covers, 
by  draining  and  clearing  swampy  regions,  by  burying  tin  cans 
and  other  unnecessary  receptacles  in  which  water  may  stand, 
by  avoiding  throwing  waste  paper  where  it  will  stand  on  the 
ground  for  some  time,  by  keeping  the  channels  of  streams 
clear  of  grass  and  weeds,  and  by  draining  standing  pools  along 
the  banks  (Figure  216). 

Killing  the  larvae  and  the  pupae  may  be  done  by  spreading 
oil  on  the  water  every  few  weeks  in  the  spring  (Figure  217), 
or  by  stocking  any  ponds  with  fish  and  frogs.  The  oil  floats 
in  a thin  layer  over  the  water.  The  larvae  and  pupae,  which 
must  breathe,  cannot  get  air  because  the  oil  fills  their  breath- 
ing tubes,  as  you  can  easily  see  by  referring  to  Figure  203. 
Moreover,  the  adult  mosquitoes  cannot  rest  on  the  oily  sur- 
face of  the  water,  and  therefore  cannot  lay  their  eggs.  The 
fish  and  frogs  that  are  in  the  streams  or  ponds  feed  on  the 
larvae  or  wrigglers. 


Fig.  216.  Mosquitoes  breed  rapidly  in  places 
like  that  shown  at  the  left.  When  the  grass  and 
bushes  are  removed  and  the  stagnant  water 
drained  away,  they  will  not  lay  eggs  there. 
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The  remedies  against  the  adult  mosquito  include  screening 
our  houses  to  keep  mosquitoes  out,  fumigating,  or  disinfect- 
ing, to  kill  any  mosquitoes  which  have  rested  in  the  house 
during  the  winter  or  have  gained  entrance  later,  and  keeping 
any  one  who  is  sick  with  malaria  or  yellow  fever  in  a carefully 
screened  room,  so  that  no  malarial  or  yellow-fever  mosquitoes 

may  enter  and  get 
a new  supply  of 
germs  to  be  passed 
on  to  others. 

Similarly,  pains- 
taking care  and 
thoroughness  are 
required  to  control 
bedbugs,  lice,  and 
fleas.  Of  course, 
no  respectable  per- 
son tolerates  ver- 
min today,  but 
vermin  control  be- 
comes difficult 
when  great  numbers  of  people  are  thrown  together  under 
unusual  conditions.  During  the  Great  War  the  clothing 
of  the  soldiers  was  regularly  put  through  a “delousing” 
process  to  eliminate  insects,  largely  because  they  were  dan- 
gerous as  disease  carriers.  In  California,  where  the  bubonic 
plague  sometimes  occurs,  great  care  is  observed  to  prevent  the 
immigration  and  increase  of  rats  and  ground  squirrels  which, 
with  the  fleas  they  carry,  transmit  the  plague. 

Suggested  Activity.  Make  a survey  of  your  community  and 
report  what  you  can  do  toward  preventing  the  growth  of  mosquitoes 
in  the  spring  of  the  year. 

Self-testing  exercise  10.  What  disinfectants  and  antiseptics  do 
you  use  in  your  home?  Do  you  know  that  they  are  effective?  How? 

Self-testing  exercise  11.  (a)  State  three  things  which  you  can 
do  to  prevent  spreading  germs  by  coughing,  sneezing,  or  spitting. 


Fig.  217.  Oiling  a roadside  ditch  to  kill  the 
mosquito  larvae  and  pupae  which  are  found  in  the 
frequently  stagnant  drainage  water. 
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(b)  State  three  or  four  sensible  things  which  you  can  do  to  avoid 
catching  a disease  from  people  who  are  careless  in  coughing,  sneezing, 
and  spitting. 

Self-testing  exercise  12.  State  as  many  ways  as  you  can  which 
help  to  eliminate  diseases  that  may  be  spread  by  milk.  (You  may 
consult  your  milk  dealer  or  write  to  the  provincial  Department  of 
Health  for  information  in  addition  to  that  contained  in  the  text.) 

Self-testing  exercise  13.  How  can  you  help  to  keep  flies  from 
your  home  and  from  your  food  supply? 

Self-testing  exercise  14.  Now  that  you  have  finished  your  study 
of  this  unit,  write  twelve  good  rules  which  everybody  should  follow 
in  order  to  avoid  infectious  diseases.  Thus: 

RULE  1.  Keep  in  the  best  possible  physical  condition  by  proper 
sleep,  exercise,  rest,  and  avoidance  of  worry. 

Summary  exercise  on  Unit  VII.  State  in  sentence  form  each 
principle  of  science  that  you  have  learned  from  your  study  of  this 
unit. 

Additional  Exercises 

1.  Examine  under  a microscope  the  foot  of  a fly,  and  make  a 
drawing  of  it. 

2.  Dip  up  a glass  of  water  from  a still  pool  of  water  in  a swampy 
region.  Examine  to  see  if  there  are  any  mosquito  larvae  (Figure 
203).  If  there  are,  keep  the  glass  covered  with  a cloth  and  watch 
the  larvae  develop  into  wrigglers  and  adult  mosquitoes. 

3.  Find  out  what  regulations  your  province  or  municipality  has 
regarding  protection  of  milk  supply,  water  supply,  food  supply,  and 
other  sanitary  measures. 

4.  Make  a survey  of  your  home  and  its  surroundings  to  find 
possible  ways  of  spreading  disease  germs.  Make  a report  of  your 
findings. 

5.  Obtain  from  your  local  health  department  or  from  the  school 
physician  information  concerning  the  incubation  periods  of  various 
children’s  diseases.  Give  a report  to  the  class. 

6.  Prepare  a report  on  one  or  more  of  the  following  great  men  of 
science  who  have  done  so  much  to  aid  man  in  his  fight  against 
disease:  Pasteur,  Lister,  Koch,  Ehrlich,  Jenner,  and  Osier.  (See 
the  “References  and  Guide  for  Additional  Study”  for  Unit  VH.) 

7.  By  inquiry  in  home  and  community  learn  as  many  ways  as 
possible  by  which  various  diseases  are  now  treated  and  have  been 
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treated  in  the  past.  Following  each  method  give  your  judgment  as 
to  the  scientific  value  of  the  treatment.  Then  consult  a physician 
as  a check  on  your  judgment.  Report  your  findings  to  your  class. 

8.  Enumerate  the  important  methods  which  should  be  used  to 
insure  that  foods  other  than  milk  come  to  your  table  pure  and  safe. 

9.  Persons  sometimes  “catch  a cold”  by  sitting  in  a draft,  getting 
wet  feet,  or  not  being  covered  properly  during  sleep.  Explain  how 
this  is  possible  when  such  “colds”  are  really  caused  by  germs. 

10.  Is  country  air  better  than  city  air?  Why? 

11.  Explain  why  nurses  and  surgeons  wear  white  flowing  gowns 
and  cover  their  mouths  and  noses  in  the  operating  rooms. 

12.  Why  is  proper  ventilation  of  a sick-room  an  important  con- 
sideration in  caring  for  the  sick? 

13.  Why  are  the  drinking  fountain  (Figure  209)  and  paper  cups 
more  sanitary  than  the  dipper  in  Figure  200? 

14.  If  in  your  community  there  suddenly  developed  twenty  cases 
of  typhoid  fever,  what  should  be  the  procedure  of  the  health  author- 
ities? What  should  you  do  for  your  own  protection? 

15.  If  you  knew  that  you  had  been  exposed  to  smallpox,  what 
would  be  an  intelligent  plan  for  you  to  follow  to  safeguard  your  own 
health  and  that  of  others? 

The  lives  and  work  of  the  men  who  have  made  the  greatest 
contributions  to  our  knowledge  of  bacteria  and  infectious  dis- 
eases are  a most  interesting  subject  for  reading.  At  the  back  of 
this  book  you  will  find  a list  of  names  with  references  to  reading 
material. 


UNIT  VIII 


HOW  DO  WE  SELECT  AND  CARE  FOR  OUR 
CLOTHING? 

Preliminary  Exercises 

1.  Make  a list  of  as  many  different  kinds  of  cloth  as  you  can. 
Name  also  the  kind  of  fibre  of  which  each  is  composed. 

2.  From  how  many  really  different  kinds  of  fibres  are  your  clothes 
made?  What  are  their  names? 

3.  How  and  where  is  each  of  the  materials  named  in  the  preced- 
ing answer  produced? 

4.  How  may  these  different  fibres  be  distinguished  from  one 
another? 

5.  What  differences  are  there  in  the  fur  of  animals  living  in  cold 
regions  and  of  those  in  hot  regions?  Think  of  specific  animals. 

6.  List  as  many  reasons  as  you  can  to  explain  why  civilized  man 
wears  clothes. 

7.  Why  are  dark,  heavy  woollen  clothes  of  loose  weave  worn 
during  very  cold  weather? 

8.  What  kinds  of  clothes  are  most  desirable  for  wear  during  the 
summer?  Why? 

9.  State  a reason  for  the  use  of  each  of  the  following  substances 
in  laundering  clothes:  water,  soap,  borax,  and  bluing. 

10.  There  are  at  least  three  important  ways  of  removing  spots 
and  stains  from  clothing.  Name  them,  and  tell  how  each  one  causes 
the  spots  and  stains  to  disappear. 

The  Story  of  Unit  VIH 

It  may  be  difficult  for  you  to  see  why  a discussion  of  cloth- 
ing is  included  in  your  science  book.  It  is  of  course  true  that 
science  has  greatly  changed  the  manufacture  of  clothing  ma- 
terials through  the  production  of  power-driven  machinery  to 
I replace  the  old  method  of  weaving  by  hand.  But  are  there 
any  principles  of  science  which  you  as  a user  of  clothing 
should  know? 
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Let  us  first  consider  why  clothing  is  worn  by  man.  Regard- 
less of  the  temperature,  it  has  become  the  custom  in  civilized 
countries  for  man  to  cover  his  body.  In  certain  uncivilized 
regions,  however,  lack  of  clothing  does  not  offend  good  taste, 
and  little  is  worn.  In  such  places  the  amount  of  clothing 

worn  by  the  inhabitants 
depends  largely  upon  the 
temperature.  The  climate 
of  our  own  country  makes 
necessary  the  protection  of 
the  body  from  extremes  of 
temperature.  In  some  re- 
gions of  our  country  the 
temperature  may  vary  from 
twenty-five  degrees  below 
zero  in  the  winter  to  over  a 
hundred  degrees  in  the 
shade  during  the  summer. 
Since  the  body  works  best 
at  a certain  temperature 
(98.6°F.),  it  is  evident  that 
it  must  be  protected  both 
Fig.  218.  These  savage  drum  beaters  from  excessive  cold  and 
from  the  hot  regions  of  the  earth  have  from  excessive  heat.  How 
little  need  for  clothing.  (Underwood  clothing  accomplishes  this 

for  the  body  you  will  un- 
derstand when  you  have  completed  this  unit.  Science  will 
make  this  clear  to  you. 

Another  problem  which  may  be  of  interest  to  you  and 
which  is  certainly  of  importance  to  you  has  to  do  with  the 
identification  of  the  kinds  of  fibres,  that  is,  the  raw  materials, 
from  which  cloth  is  woven.  You  are  probably  familiar  with 
the  names  of  such  fibres  as  cotton,  silk,  wool,  linen,  and 
an  artificial  fibre  generally  known  as  rayon.  But  do  you  know 
the  characteristics  of  these  fibres?  Do  you  know  how  to 
identify  the  fabrics  made  from  these  materials  or  mixtures 
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of  these  materials?  Can  you  tell  if  a suit  is  made  of  wool 
or  of  a mixture  of  wool  and  cotton?  Since  the  different 
fibres  are  composed  of  different  elements  and  compounds, 
certain  chemical  and  physical  tests  may  be  used  to  identify 
them.  These  tests  which  scientists  have  developed  provide 
us  with  a method  for  finding  just  what  fibres  compose  a 
given  piece  of  cloth.  In  this  unit  you  will  learn  about  several 
of  these  tests. 

In  another  way 
science  helps  us  in 
the  selection  of  our 
clothes.  Ordinari-. 
ly,  we  select  our 
clothing  with  three 
considerations  in 
mind:  appearance, 
cost,  and  protec- 
tive quality.  In 
this  unit  we  are 
concerned  prima- 
rily with  the  pro- 
tective quality  of 
the  materials.  It 
is  evident  that  our 
clothing  must  be  selected  to  protect  us  under  a variety  of 
conditions.  In  the  hot  summer  months  we  must  protect  our 
bodies  from  receiving  an  excess  of  heat  from  the  sun;  we  must 
also  provide  for  the  rapid  elimination  of  the  body  heat  and 
for  the  evaporation  of  the  perspiration  which  is  poured  upon 
the  skin.  In  the  winter  we  are  concerned  chiefly  with  pre- 
venting the  loss  of  heat  from  the  body.  We  may  meet  both 
of  these  conditions  by  varying  the  kind  of  inner  clothing 
and  outer  clothing.  To  know  what  type  of  clothing  to  select, 
we  must  understand  the  ability  of  the  fibres  to  absorb  mois- 
ture, and  we  must  understand  the  effect  of  differences  in 
weave  upon  the  warmth  or  coolness  of  fabrics. 


Fig.  219.  Contrast  this  Eskimo’s  heavy  gar- 
ments of  leather  and  fur  with  the  clothing  of  the 
savages  in  Figure  218.  Do  you  know  why  fur  is 
warmer  than  any  other  material  in  cold  weather? 

(Pathe  Films.) 
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Cost,  cleanliness,  and  our  own  pride  demand  that  we  keep 
our  clothes  clean  and  in  good  condition.  Our  clothing  ma- 
terials may  become  soiled  and  stained  by  contact  with  the 
objects  which  they  touch  and  by  waste  products  given  off 
from  the  body.  The  process  of  removing  dirt  and  other 
materials  from  soiled  clothing  is  not  as  simple  as  one  might 
believe.  Some  fabrics  may  be  washed  in  very  hot  water  and 


Fig.  220.  Increased  knowledge  of  science  and  machinery  has  greatly 
changed  the  methods  of  cleaning  clothes  since  the  days  when  a scene 
like  this  was  a common  sight.  (Publishers’  Photo  Service.) 


then  rinsed  in  cold  water,  but  others  must  be  washed  in  warm 
water  and  then  rinsed  in  water  of  the  same  temperature. 
Some  fabrics  may  be  rubbed  vigorously  on  a washboard, 
while  others  should  not  be.  Unquestionably  many  thousands 
of  dollars  worth  of  fabrics  are  ruined  annually  because  of 
ignorance  on  the  part  of  the  individual  who  cleans  them. 
Since  the  fibres  which  compose  the  fabrics  have  different 
chemical  and  physical  characteristics,  these  characteristics 
must  be  considered  in  determining  the  method  of  cleansing. 
Certain  chemicals  may  be  excellent  for  the  removal  of  spots 
from  wool,  but  may  destroy  the  fibres  of  fabrics  compo.sed  of 
rayon.  This  is  another  reason  why  one  should  learn  to 
identify  the  fibres  which  are  used  in  our  clothing  materials. 
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Because  we  all  enjoy  attractive  colors,  both  in  clothing  and 
in  home  furnishings,  dyeing  is  an  important  industry.  In 
this  connection  we  will  need  to  understand  the  answers  to 
these  questions:  What  causes  color  in  materials?  What  kinds 
of  dyes  are  used  to  color  materials? 

Problem  1:  How  Can  You  Know  the  Kinds  of 
Fibres  in  Your  Clothes? 

Study  Suggestion.  Fibres  may  be  distinguished  from  one  another 
on  the  basis  of  their  appearance  under  the  microscope  and  by- 
certain  chemical  and  physical  tests.  If  your  school  has  a compound 
microscope,  you  should  examine  various  kinds  of  fibres  under  it 
and  compare  what  you  see  with  the  figures  in  the  book.  The  results 
of  the  chemical  and  physical  tests  are  not  stated  in  the  text.  It  will 
therefore  be  necessary  for  you  to  observe  the  results  of  the  experi- 
ments carefully  and  come  to  your  own  conclusion  as  to  the  distin- 
guishing tests  for  each  kind  of  fibre. 

How  are  fabrics  adulterated?  When  one  purchases  clothing 
or  other  fabrics,  one  has  a right  to  know  the  kind  of  fibre  or 
fibres  of  which  they  are  constructed.  Large  manufacturing 
concerns  and  the  departments  of  the  national  and  state 
governments  lay  out  certain  specifications,  that  is,  certain 
requirements,  which  the  fabric  must  meet.  The  fabrics 
submitted  are  then  tested  to  determine  if  the  specifications 
have  been  fulfilled.  In  this  way  they  are  certain  that  the 
materials  will  meet  the  conditions  under  which  they  are  to 
be  used.  The  individual  person,  however,  has  no  such  pro- 
tection. He  must  rely  upon  the  word  of  the  merchant. 

There  are  many  ways  of  adulterating  fabrics,  that  is,  of 
adding  undesirable  materials  to  them.  One  is  to  weight  the 
cloth  by  filling  the  open  mesh  with  gums,  clays,  starches,  or 
other  materials.  After  the  cloth  is  washed,  these  materials 
fall  out  and  leave  a much  more  open  mesh  or  weave.  Silk  is 
very  commonly  adulterated  in  this  manner  to  increase  its 
weight.  Some  of  the  materials  used  for  this  purpose  injure 
the  fibres  so  that  short  exposures  to  the  light  and  air  cause 
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the  fabric  to  split  and  crack.  Unfortunately,  it  is  difficult 
for  the  consumer  to  detect  the  presence  of  weighting  with 


Warp 


■Woof 


Fig.  221.  The  lengthwise 
threads  are  usually  heav- 
ier than  the  crosswise 
threads  and  are  twisted  to 
give  strength. 


undesirable  materials. 

A common  practice  is  to  combine 
cotton  and  wool  or  cotton  and  linen, 
and  then  sell  the  product  as  fine  wool 
or  pure  linen.  Cotton  is  also  some- 
times treated  with  chemicals  so  that 
it  resembles  silk  or  linen.  Rubbing 
the  cloth  between  the  fingers  or  ex- 
amining the  threads  which  make  up 
the  warp  and  woof,  that  is,  the 
lengthwise  and  crosswise  threads 
(Figure  221),  will  give  experienced 
buyers  an  indication  of  what  the  cloth 
contains,  but  inexperienced  buyers 
must  rely  on  other  tests. 

What  is  the  appearance  of  the  different  fibres  under  the 
microscope?  To  the  naked  eye,  the  different  fibres  appear  to 
be  very  much  alike.  When  they  are  greatly  magnified,  how- 
ever, each  fibre  is  seen  to  possess  certain 
characteristics  which  distinguish  it  from 
the  other  fibres.  This  you  would  expect, 
because  the  fibres  come  from  different 
sources.  Let  us  now  consider  each  of  these 
fibres. 

Wool,  as  you  know,  is  the  fibre  which  is 
obtained  from  the  outer  covering,  or  fleece, 
of  the  sheep.  In  many  respects  it  is  similar 
to  our  own  hair.  The  wool  fibre  under  the 
microscope  appears  kinky  and  has  an  outer 
covering  like  the  scales  of  a fish,  each  scale 
overlapped  by  the  one  above.  These  scales 
are  really  tiny  cells  which  make  up  the  outer  covering  of  the 
wool.  The  fibre  is  thus  crossed  with  irregular  lines  and  can 
be  readily  identified  (Figure  222). 


Fig.  222.  Wool 
fibres,  as  seen  under 
a microscope. 
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Silk  fibre  is  produced  by  the  silkworm,  of  which  there  are 
several  species.  This  worm  manufactures  a fluid  in  its  body 
which  is  then  excreted  through  tiny 
openings.  This  fluid  hardens  when 
it  comes  in  contact  with  the  air,  and 
forms  a filament  of  silk.  Under  the 
microscope  it  appears  as  a smooth 
cylinder  which  is  not  divisible  into 
various  parts  (Figure  224). 

The  cotton  fibre  is  the  white, 
thread-like  tissue  that  surrounds 
the  seed  of  the  cotton  plant.  When 
magnified,  it  is  seen  to  have  a 
natural  twist  and  appears  as  a 
twisted,  smooth,  flat  band  (Fig- 
ure 225).  The  fibres  are  from  one 
to  two  inches  in  length  and  have 
a diameter  of  about  .0007  inch. 

A small  thread  is  composed  of 
thousands  of  these  tiny  fibres  so 
interwoven  that  it  is  difficult  to 
distinguish  them.  To  see  the 
characteristic  appearance  of  the 
cotton  fibre,  it  is  necessary  to  separate  an  individual  fibre 
from  the  thread.  This  is  easily  done  by  picking  the  thread 
to  pieces  with  two  pins. 

The  linen  fibre  is  obtained  from  the 
strong,  woody  fibres  found  inside  the 
stalk  of  the  flax  plant.  Under  the  micro- 
scope these  fibres  appear  as  rods,  with 
occasional  cross  markings  (Figure  226), 
giving  them  somewhat  the  jointed  ap- 
pearance of  the  bamboo.  They  may  be 
easily  distinguished  from  wool  in  that  there 
are  but  a few  cross  markings  on  the  fibre 
Fig.  224.  Silk  fibres.  and  no  overlapping  scales. 


Fig.  223.  The  silkworm  spins 
around  its  body  a cocoon 
made  of  fine  silk  fibres.  (Cor- 
ticelli  Silk  Co.) 


298 


EVERYDAY  PROBLEMS  IN  SCIENCE 


The  preceding  paragraphs  have  presented  the  character- 
istics of  the  natural  fibres.  In  recent  years  there  have  been 
developed  new  synthetic  fibres,  that  is,  fibres 
manufactured  by  man.  About  ninety  per 
cent  of  these  fibres  are  made  from  spruce- 
wood  pulp.  This  material  is  treated  chemi- 
cally and  finally  results  in  a thick,  sticky 
liquid,  which  is  forced  through  exceedingly 
fine  holes  somewhat  like  those  of  a sprin- 
kler. Tiny  threads  emerge,  which  harden 
upon  drying.  The  process  is  very  similar  to 
the  manufacture  of  silk  by  the  silkworm. 
Because  of  the  similarity  of  manufacture,  the 
rayon  fibres  resemble  silk  fibres  under  the 
microscope  (Figure  227).  Rayon  fibres  manufactured  from 
wood  pulp  show  grooves  or  lines  which  distinguish  them  from 
true  silk.  Rayon  fibres  manufactured  from  cotton  {Celanese) 
may  be  distinguished  from  silk  only  on  the  basis  of  their  size; 
they  are  usually  of  greater  diameter  than  the  fibres  of  silk. 

How  may  fibres  be  identified  without  a microscope?  To 
determine  the  kinds  of  fibres  in  a fabric  when  a microscope 
is  not  available,  it  is  necessary  to  use  cer- 
tain chemical  or  physical  tests,  such  as  those 
given  in  the  following  experiment. 

Experiment  50.  How  may  the  fibres  in  dif- 
ferent kinds  of  cloth  be  identified?  Obtain 
samples  of  cloth  made  from  cotton,  linen,  wool, 
silk,  and  rayon.  If  possible,  obtain  also  mixed 
cloth  of  wool  and  silk,  linen  and  cotton,  silk  and 
rayon.  Examine  each  with  care  to  see  if  you 
can  identify  the  kind  of  material  by  its  appear- 
ance. Using  small  pieces  of  unmixed  cloth,  try 
each  of  the  following  tests  on  each  kind  of  fibre. 

Record  the  results  as  directed  in  Self-testing  exercise  1,  page  300. 

(a)  Light  a piece  of  cloth  with  a match.  Observe  the  odor,  the 
color  of  the  flame,  the  rapidity  of  burning,  and  the  nature  of  the 


Fig.  226.  Linen 
fibres. 


Fig.  225.  Cotton 
fibres. 
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material  which  remains.  Note  carefully  the  difference  in  the  odor 
of  fibres  of  plant  origin  and  those  of  animal  origin.  If  the  rayon 
burns  in  the  same  manner  as  cotton,  you  will  know  that  it  is  made 
from  wood  pulp.  If  it  leaves  a cinder  ash,  it  is  Celanese.  Both  silk 
and  Celanese  leave  an  ash;  the  ash  of  Celanese,  however,  is  hard  and 
black  while  the  ash  of  silk  crushes  easily. 

(b)  Moisten  a strip  of  blue  litmus  paper.  Heat  a piece  of  each 
cloth  in  a clean,  dry  test  tube  and  hold  the  litmus  paper  in  the  smoke 
just  inside  the  mouth  of  the  tube.  Repeat  the 
experiment,  using  red  litmus  paper.  What  is 
the  color  change  for  each  kind  of  fibre?  (Acid 
fumes  turn  blue  litmus  red,  and  alkaline  fumes 
turn  red  litmus  blue.)  How  does  this  test  en- 
able you  to  distinguish  animal  fibres  from  vege- 
table fibres? 

(c)  Test  the  smoke  as  in  (b),  using  strips  of 
filter  paper  moistened  in  lead  acetate  solution. 

Which  kind  of  cloth  gives  a distinct  color 
change?  (The  darkening  of  the  paper  indicates 
the  presence  of  sulphur  in  the  fibre.) 

(d)  Make  a solution  of  two  heaping  teaspoon- 
fuls of  lye  in  a pint  of  water,  or  use  a five-per- 
cent solution  of  sodium  hydroxide.  Place  a piece  of  cloth  in  a test 
tube,  and  add  one-fourth  test  tube  of  solution.  Boil  for  about  five 
minutes.  Pour  the  solution  and  cloth  out  into  a small  dish.  Remove 
the  cloth  from  the  solution  with  a pair  of  forceps  and  rinse  it  well 
in  water.  Test  the  strength  of  the  cloth.  What  are  the  results  with 
each  kind  of  fibre?  Try  this  experiment  with  the  mixed  cotton  and 
wool,  and  test  the  fibres  which  run  in  both  directions. 

(e)  Heat  pieces  of  cotton,  of  linen,  and  of  mixed  cotton  and  linen 
together  in  a beaker  of  water  to  which  two  or  three  drops  of  hydro- 
chloric acid  have  been  added.  This  will  remove  the  starch  and  other 
materials  which  have  been  added  to  the  cloth  to  stiffen  it.  Allow  the 
pieces  to  dry,  and  then  place  a drop  of  olive  oil  on  each.  Which 
fibre  absorbs  the  oil  more  rapidly?  On  which  does  the  oil  give  the 
more  transparent  spot? 

In  a chemical  laboratory  it  is  possible  to  determine  the 
materials  which  have  been  added  to  fabrics,  such  as  starch, 


Fig.  227.  Rayon 
fibres. 
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gelatin,  and  sugar  for  sizing,  and  tin,  aluminum,  iron,  and 
lead  for  weighting  silk.  These  tests,  however,  require  apparatus 
and  chemicals  which  most  homes  do  not  have. 


Self-testing  exercise  1.  Make  a table  in  the  form  shown  below, 
but  much  larger  so  that  you  can  write  in  the  results  of  the  tests 
which  you  have  made  with  cotton,  linen,  rayon,  wool,  and  silk. 


Results  of  Tests  on  Different  Fibres 


Fibre 

Burning 

Test 

Litmus 

Test 

Lead- 

Acetate 

Test 

Lye  Test 

Olive-Oil 

Test 

Cotton 

Which  tests  would  you  make  in  determining  the  kinds  of  fibres  in 
a piece  of  cloth?  Name  the  tests  in  order,  and  tell  why  you  would 
use  these  tests.  If  time  permits,  try  your  plan;  test  different  kinds 
of  cloth. 

Problem  2:  How  Can  You  Select  Proper  Clothing 
TO  Protect  Your  Body? 

Study  Suggestion.  During  the  summer  time  when  it  is  very 
warm,  the  clothing  must  help  the  body  get  rid  of  heat  and  also  keep 
the  heat  of  the  air  from  warming  the  body.  During  the  winter  it 
must  prevent  the  loss  of  heat.  The  body  itself  has  several  methods 
of  keeping  its  temperature  constant,  but  sometimes  the  heat- 
regulating mechanism  of  the  body  is  interfered  with  by  the  clothes 
we  wear.  To  understand  how  to  choose  the  correct  kind  of  clothing, 
you  must  first  understand  how  the  body  automatically  regulates  its 
temperature,  and  second,  how  the  different  kinds  of  fabrics  assist  in 
this  regulating  process. 

How  does  the  body  regulate  its  temperature?  Heat  and 
energy  are  produced  in  the  body  by  the  combination  of 
oxygen  with  the  food  which  one  eats.  (See  page  138.)  The 
amount  of  heat  produced  depends  upon  the  quantity  of  heat- 
producing  foods  which  are  eaten  and  upon  the  amount  of 
oxidation  which  takes  place  within  the  body.  On  very  hot 
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days  when  one  exercises  vigorously,  more  heat  may  be  pro- 
duced than  is  necessary  to  keep  the  body  at  the  correct  tem- 
perature (98.6°F.);  consequently,  the  body  must  get  rid  of 
some  of  its  heat.  You  have  already  seen  that  under  such 
circumstances  the  blood  vessels  in  the  skin  get  larger,  and 
greater  amounts  of  blood  flow  through  it.  (See  page  236.)  If 
the  body  is  warmer  than  the  surrounding  air  or  clothing, 
some  of  its  heat  changes  to  radiant  energy  (see  page  99), 
and  the  body  thus  loses  heat.  We  say  that  the  body  loses 
heat  by  radiation.  The  amount  of  heat  changed  to  radiant 
energy  depends  upon  the  difference  between  the  temperature 
of  the  body  and  that  of  its  surroundings. 

The  body  is  also  cooled  by  conduction,  that  is,  by  passing 
on  some  of  its  heat  to  the  clothing  and  the  air. 

Experiment  51.  How  does  the  body  give  up  heat?  (a)  Obtain  a 
piece  of  metal.  Allow  it  to  remain  in  the  room  long  enough  to  have 
the  same  temperature  as  the  air  in  the  room. 

(b)  Touch  the  metal.  Does  it  feel  cold  or  warm?  Why? 

The  metal  is  at  a lower  temperature  than  the  body.  Heat 
therefore  passes  from  the  body  to  the  metal.  The  particles 
of  which  the  metal  is  composed  are  able  to  pass  this  heat 
along  to  the  other  particles,  that  is,  to  conduct  the  heat.  The 
metal  feels  colder  than  other  objects  in  the  room,  such  as  the 
table,  because  the  metal  conducts  heat  away  from  the  body. 
Likewise,  air  and  clothing  in  contact  with  the  body  conduct 
heat  away  from  the  body  if  they  are  at  a lower  temperature. 

A third  way  in  which  the  body  loses  heat  is  by  pouring  per- 
spiration on  the  skin  (Figure  180,  page  236).  Part  of  this 
perspiration  evaporates  directly  from  the  skin,  and  part  is 
absorbed  by  the  clothing  and  then  evaporated. 

Experiment  52.  What  effect  does  evaporation  of  a liquid  have 
upon  the  temperature  of  the  body  from  which  it  evaporates?  Take 
the  temperature  of  the  room.  Tie  a small  piece  of  cotton  around  the 
bulb  of  the  thermometer.  Dip  the  bulb  of  the  thermometer  in  some 
water  which  is  at  room  temperature.  Remove  the  thermometer 
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from  the  water  and  allow  it  to  stand  for  one  minute.  Note  the 
temperature.  Read  the  next  paragraph  and  then  write  a report  on 
this  experiment. 

It  requires  heat  to  change  water  or  any  liquid  to  a gas. 
The  perspiration  which  is  given  off  through  the  skin  changes 
to  water  vapor,  and  the  heat  necessary 
to  make  it  do  this  is  taken  from  the 
body,  which  is  tKereby  cooled. 

Under  certain  conditions  water 
evaporates  quickly,  and  under  other 
conditions  it  evaporates  slowly.  The 
rate  at  which  it  evaporates  can  be 
measured  by  the  cooling  effect.  The 
following  experiment  shows  the  effect 
of  air  currents  and  the  amount  of  water 
in  the  air  upon  the  rate  of  evaporation. 

Experiment  53.  Upon  what  does  the 
rate  of  evaporation  depend?  (a)  Repeat 
Experiment  52  and  note  the  number  of 
degrees  change  in  temperature. 

(&)  Fan  the  thermometer  which  has  the  wet  cotton  on  the  bulb. 
Note  the  temperature  and  compare  with  the  results  obtained  in 
(a).  What  effect  does  the  movement  of  the  air  have  upon  the 
rate  of  evaporation?  Remember  that  the  greater  the  evapora- 
tion, the  greater  will  be  the  cooling  effect. 

(c)  Pour  water  into  a test  tube  to  a depth  of  one-half  inch. 
Cork  the  test  tube  tightly  and  allow  it  to  stand  until  the  next  day. 
The  air  in  the  test  tube  will  be  saturated  with  water  vapor.  On 
the  next  day  insert  a thermometer  in  a one-holed  cork  which  will 
fit  the  test  tube.  Tie  a small  piece  of  cotton  around  the  bulb  and 
moisten  it.  Then  quickly  remove  the  cork  from  the  test  tube  and 
insert  the  cork  containing  the  thermometer.  Push  the  bulb  of 
the  thermometer  down  into  the  water  and  record  the  temperature. 
Then  raise  the  thermometer  until  the  bulb  is  in  the  saturated  air 
(Figure  228).  Allow  the  thermometer  to  stay  in  this  position  for 
one  minute  and  then  read  the  temperature.  Compare  the  tempera- 
ture change  with  the  results  obtained  in  (a).  What  effect  does 


Fig.  228.  Experiment  53. 
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the  presence  of  a large  quantity  of  water  vapor  in  the  air  have 
upon  the  rate  of  evaporation?  How  do  you  now  answer  the  question 
of  the  experiment? 

The  rate  of  evaporation  from  the  body  is  increased  by  con- 
tact of  the  body  with  a current  of  air;  it  therefore  loses  heat 
much  faster  than  when  it  is  surrounded  by  still  air.  This 
explains  why  you  become  chilled  when  sitting  in  a draft  or 
wind  after  exercising.  When  the  air  is  very  humid  or  full 
of  water  vapor,  evaporation  takes  place  very  slowly.  Under 
such  conditions  the  body  cannot  lose  much  heat  by  evapora- 
tion. 

And  now  let  us  turn  from  a consideration  of  how  the  body 
loses  heat  to  a consideration  of  how  it  retains  its  heat.  When 
the  outside  temperature  decreases,  the  blood  vessels  in  the  skin 
contract,  and  the  blood  is  forced  into  the  interior  organs,  thus 
lowering  the  amount  of  body  heat  which  may  be  radiated  or 
conducted  away.  This  process  is  also  accompanied  by  a de- 
crease in  the  amount  of  perspiration,  and  this  prevents  the 
cooling  of  the  body  by  evaporation  of  this  material  from  the 
skin. 

What  kinds  of  fabrics  keep  us  cool?  The  rate  at  which  the 
body  loses  heat  by  radiation  and  conduction  and  by  the 
evaporation  of  perspiration  can  be  largely  controlled  by  the 
selection  of  the  proper  kind  of  underwear  and  outer  clothing. 
In  the  summer  time  underwear  must  be  made  of  materials 
which  absorb  the  perspiration  quickly  and  which  lose  it  rapidly. 
The  outer  clothing  for  summer  must  also  lose  its  moisture 
quickly ; otherwise,  the  layer  of  air  between  the  body  and  the 
underwear  and  the  layer  of  air  between  the  inner  and  outer 
clothing  will  become  saturated  with  water  vapor  and  prevent 
evaporation  from  the  skin. 

Since  evaporation  of  perspiration  from  the  skin  is  the  chief 
method  by  which  heat  is  carried  away  from  the  body  in  hot 
weather,  it  is  evident  that  the  choice  of  the  proper  clothing  is 
necessary.  Cotton,  linen,  and  rayon  absorb  water  readily 
and  lose  it  rapidly;  hence,  they  make  good  underclothes  as 
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well  as  outer  garments.  Silk  also  absorbs  water  readily  and 
loses  it  rapidly,  but  its  high  cost  prevents  its  general  use. 
Wool,  on  the  other  hand,  while  it  absorbs  water  readily, 
retains  it,  and  thus  prevents  rapid  evaporation  from  the 
body.  It  is  thus  not  as  desirable  for  summer  wear  as  are 
the  other  fabrics. 

Perhaps  the  most  noticeable  difference  in  summer  and 
winter  clothing  is  the  difference  in  color.  Dark-colored 


clothes  are  worn  in  the 
winter,  and  light-col- 
ored clothes  in  the  sum- 
mer. In  the  summer 
time  we  receive  much 
radiant  energy  from  the 
sun.  This  energy  is 
absorbed  by  our  cloth- 
ing, and  the  heat  is 
conducted  to  the  body. 


Fig.  229.  Tightly  woven  and  loosely  woven 
fabrics  as  they  appear  when  highly  magnified. 


The  amount  of  energy  absorbed  depends  somewhat  on  the 
color  of  the  material,  as  shown  by  the  following  experiment. 

Experiment  54.  Which  absorbs  more  radiant  energy,  light-  or 
dark-colored  cloth?  Obtain  two  test  tubes  of  the  same  size.  Wrap 
a piece  of  white  cotton  cloth  around  one  test  tube  and  a piece  of 
dark  cloth  around  the  other.  Place  the  tubes  in  an  upright  posi- 
tion in  bright  sunlight,  and  after  several  minutes  read  the  tempera- 
ture in  each  tube.  Which  of  the  two  pieces  of  cloth  absorbs  the 
more  heat?  Explain  how  the  experiment  shows  this. 

What  kinds  of  fabrics  keep  us  warm?  In  winter  the  greatest 
amount  of  heat  is  lost  from  the  body  by  conduction  and 
radiation,  because  the  amount  of  perspiration  which  evapo- 
rates from  the  body  is  small.  The  major  problem  of  selecting 
clothing  in  winter  is  that  of  securing  materials  which  will  not 
readily  conduct  heat.  Wool  is  the  poorest  conductor  of  heat 
and  can  be  woven  very  loosely.  When  woven  loosely,  it 
contains  large  air  spaces  between  the  meshes  (Figure  229). 
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Air  is  a very  poor  conductor  of  heat  and  thus  aids  the  wool  in 
preventing  loss  of  heat  by  conduction.  For  undergarments  a 
mixture  of  cotton  and  wool  is  superior  to  all-wool,  because 
the  cotton  prevents  the  closing  of  the  mesh  when  the  wool 
is  washed  and  thus  preserves  the  air  space  in  the  mesh. 

For  outside  wear  in  winter,  wool  is  a very  satisfactory 
material  because  of  its  weight,  its  looseness  of  weave,  and  its 
non-conductivity  of  heat.  Fur  clothing  is  even  better  than 
wool  for  cold  weather.  The  animal  skin  to  which  the  fur  is 
attached  prevents  the  passage  of  cold  air  through  the  cloth- 
ing, and  the  fur  holds  a great  deal  of  non-conducting  air.  It 
is  estimated,  for  example,  that  about  ninety  per  cent  of  the 
space  occupied  by  a cat’s  fur  is  air.  When  we  speak  of  warm 
clothing,  we  mean,  therefore,  that  it  is  a type  of  fabric  which 
prevents  the  loss  of  heat  from  the  body.  The  clothing  of  it- 
self is  not  warm;  it  simply  enables  the  body  to  retain  its 
own  heat. 

Self-testing  exercise  2.  Prepare  a report  entitled,  “How  clothing 
assists  the  body  in  maintaining  a constant  temperature.’’  You  will 
need  to  combine  the  facts  given  in  the  first  sub-problem  with  those 
of  the  last  two  sub-problems  in  order  to  make  a satisfactory  report. 

Problem  3:  How  Are  Clothes  Properly  Laundered? 

Study  Suggestion.  There  are  two  important  classes  of  sub- 
stances which  must  be  removed  by  washing:  (1)  body  perspiration 
which  contains  oily  materials,  and  (2)  particles  of  dirt  or  grease 
caught  in  the  meshes  of  the  fabrics  or  absorbed  by  the  fibres.  These 
are  usually  removed  by  the  use  of  water  in  which  soap  is  dissolved. 
In  this  problem  you  should  learn  why  various  precautions  must  be 
observed  in  order  to  avoid  injuring  the  fibres  of  the  materials. 

How  does  soap  help  remove  dirt?  Did  you  ever  try  to  wash 
grease  from  your  hands  with  plain  water?  A sticky,  greasy 
mass  is  the  only  result;  the  water  will  not  remove  the  grease. 
But  the  addition  of  soap,  followed  by  rubbing,  will  remove 
it.  How  does  the  soap  work? 
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Experiment  55.  Why  does  the  addition  of  soap  to  water  help 
remove  grease?  (a)  Put  100  cc.  of  water  in  a flask  or  bottle. 
Add  ten  to  twelve  drops  of  olive  oil.  Shake  the  flask  vigorously. 
Does  the  oil  mix  with  the  water?  Allow  the  flask  to  stand  until  the 
next  day.  Are  the  oil  and  water  mixed? 

(&)  Rub  some  soap  in  100  cc.  of  water  until  good  suds  or  lather 
is  formed.  Pour  this  into  a bottle,  add  ten  to  twelve  drops  of  olive 
oil,  and  shake  vigorously.  Do  the  oil  and 
the  soap  solution  mix?  Let  the  mixture 
stand  until  the  following  day.  Compare 
the  results  with  those  of  part  (a)  of  the 
experiment. 

When  a greasy  fabric  is  rubbed  with 
soapy  water,  the  particles  of  grease  are 
broken  up  into  finer  particles.  Each 
of  the  finer  particles  is  surrounded  by  a 
film  of  soapy  water  and  is  suspended,  or 
floats,  in  the  soapy  water  in  the  form  of 
a tiny  drop.  This  is  called  an  emulsion 
(Figure  230),  The  soap  is  said  to  emulsify  the  oil  or  grease. 
These  small  emulsified  particles  of  oil  or  grease  may  then  be 
carried  away  by  rinsing  the  fabric. 

What  are  the  proper  steps  in  laundering?  When  clothes 
are  soaked  for  some  time,  the  water  dissolves  any  soluble 
materials  which  are  present.  Some  dirt  is  also  softened  by  the 
absorption  of  water  and  loosened  by  the  swelling  of  the 
fibres.  Wool,  silk,  and  rayon  should  never  be  soaked  for  a 
long  time  in  water  with  soap  which  contains  free  lye,  or 
alkali,  or  in  water  containing  washing  soda.  In  both  cases 
the  alkali  in  the  soap  and  the  alkali  formed  by  the  washing 
soda  will  attack  the  fibre  and  weaken  it.  Wool  and  silk  should 
never  be  soaked  in  hot  water  and  immediately  put  into  cold 
water.  Both  the  wool  fibre  and  the  silk  fibre,  being  composed 
of  animal  material,  are  very  sensitive  to  heat  and  cold.  In 
wool,  you  remember,  the  outer  covering  consists  of  scale-like 
cells  which  overlap.  In  the  presence  of  alkalies  or  in  changing 
from  hot  to  cold  water,  the  scales  interlock  and  the  fibres 


Fig.  230.  One  drop  of 
oil  was  emulsified  to  form 
these  droplets. 
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shrink  to  a felt-like  mass.  This  is  cSiWed  felting  (Figure  231). 
Cotton  and  linen  are  little  changed  by  the  action  of  alkalies 
or  by  hot  and  cold  water. 

Experiment  56.  What  effect  do  hot  water  and  strong  laundry 
soap  have  upon  fabrics?  (a)  Obtain  fairly  large  pieces  of  cotton, 
wool,  silk,  linen,  and  rayon. 

(&)  Wash  each  piece  in 
hot  water  and  rub  it  thor- 
oughly with  strong  laundry 
soap. 

(c)  Compare  the  materials 
after  they  have  dried  with 
samples  of  unwashed  mate- 
rials. Notice  any  evidence 
of  shrinking,  decrease  in 
strength,  and  change  in  feel- 
ing of  the  fibre,  that  is,  rough- 
ness, harshness,  etc. 

After  clothes  are  soaked  for  an  hour  or  two,  it  is  the  custom 
to  rub  them  on  a washboard  or  to  place  them  in  a washing- 
machine.  This  assists  the  action  of  the  soap  by  bringing  it 
into  closer  contact  with  the  particles  of  dust  and  grease,  and 
thus  helps  remove  them  from  the  clothes.  Too  much  rubbing 
will  cause  wool  to  felt  and  lose  its  softness  and  elasticity.  Hard 
rubbing  either  weakens  or  breaks  the  fibres  of  silk,  and 
takes  away  the  lustre.  Soaking  softens  rayon  even  more  than 
it  does  silk.  Pieces  of  rayon,  therefore,  should  not  be  rubbed 
nor  wrung  out,  but  should  be  squeezed  as  dry  as  possible. 
Cotton  and  linen  materials  may  be  rubbed  without  injury, 
but  in  the  case  of  colored  materials,  more  soaking  and  less 
rubbing  are  desirable. 

When  the  dirt  has  all  been  loosened  from  the  clothes, 
most  of  the  wash  water  is  removed  by  wringing.  Then  the 
last  of  the  dirt,  soap,  and  chemicals  must  be  removed  by 
rinsing  in  clear  water.  It  is  much  better  to  rinse  in  warm 
water,  because  the  soap  remaining  in  the  fabric  will  dissolve 
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better  in  warm  water  than  in  cold.  With  wool  or  silk  the 
temperature  of  the  rinsing  water  should  be  as  near  that  of 
the  washing  water  as  possible.  Cotton,  linen,  and  rayon 
may  be  rinsed  in  either  cold  or  hot  water,  because  heat  has 
very  little  effect  upon  vegetable  fibres. 

White  cotton  and  linen  fabrics  are  liable  to  have  a slightly 
yellowish  tint  after  washing.  This  is  prevented  by  the  use 
of  bluing.  Yellow  and  blue  are  com- 
plementary colors;  that  is,  when 
they  are  mixed  together,  they  are 
seen  as  white.  For  this  reason,  some 
kind  of  blue  dye  is  added  to  the 
rinsing  water.  One  kind  of  bluing 
contains  iron,  which  will  cause 
brown  stains  if  acted  on  chemically 
b)/  the  alkalies  often  present  in  the 
washing  water.  To  prevent  the 
stain  from  forming,  it  is  only  nec- 
essary to  remove  all  of  the  alkalies 
by  thorough  rinsing  before  bluing. 
After  bluing,  the  clothes  are  wrung 
out  and  hung  up  to  dry. 

Rayon  fabrics  should  not  be  ex- 
posed to  great  heat  when  drying, 
because  the  sudden  application  of 
heat  produces  shrinking  and  brittleness.  At  a temperature  of 
230°F.,  or  more,  the  rayon  fibres  may  disintegrate  or  melt.  This 
is  often  the  result  produced  when  a very  hot  iron  is  used  to 
iron  the  clothes.  Rayon  materials  are  not  affected  by  nor- 
mal dry  heat  or  cold,  but  extremes  of  heat  and  cold  should 
be  avoided. 

Self-testing  exercise  3.  State  the  steps  in  washing  clothes  and 
explain  the  importance  of  each  step.  Refer  to  the  experiment  on 
testing  various  kinds  of  fabrics,  page  298,  and  to  Experiment  56, 
page  307,  and  account  for  the  differences  in  procedure  in  washing 
animal  and  vegetable  fibres. 


Fig.  232.  One  type  of  wash- 
ing machine.  The  vacuum 
cups  move  up  and  down, 
forcing  the  soapy  water 
through  the  clothing.  If  you 
have  a machine  at  home,  find 
how  it  operates. 
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Problem  4:  How  Are  Spots  and  Stains  Removed 
FROM  Clothing? 

Study  Suggestion.  In  removing  spots  and  stains  from  clothing, 
two  factors  must  be  considered:  (1)  the  nature  of  the  fabric,  and 
(2)  the  kind  of  stain.  This  problem  will  present  the  various  methods 
employed  to  remove  stains,  and  examples  of  the  use  of  these  methods. 

How  can  spots  and  stains  be  dissolved?  Many  types  of 
spots  and  stains  may  be  removed  by  rubbing  the  fabric  with 
a chemical  which  will  dissolve  the  materials  that  caused  the 
spot  or  stain. 

Experiment  57.  How  can  grease  spots  and  stains  be  removed  by 
dissolving  the  stain  or  grease?  (a)  Make  a small  grease  spot  on  a 
piece  of  cloth  by  placing  a drop  of  oil  on  it.  Moisten  a rag  with  one 
of  the  following  substances:  benzine,  gasoline,  naphtha,  ether, 
alcohol,  or  carbon  tetrachloride.  Rub  the  stain  with  the  moistened 
rag.  ( Caution.  All  of  these  liquids,  with  the  exception  of  carbon 
tetrachloride,  are  inflammable.  Keep  away  from  a flame.)  Always 
rub  from  the  outside  of  the  spot  toward  the  centre.  Why?  If 
one  of  the  liquids  will  not  remove  the  spot,  try  others  until  one  is 
found  that  will. 

(&)  Place  a little  fruit  juice  on  a piece  of  white  cloth.  Pour  boil- 
ing water  through  the  cloth.  Result?  Explain. 

(c)  Place  a little  blood  on  a piece  of  cloth.  Soak  at  once  in  a 
lukewarm  solution  of  salt  and  then  rinse  thoroughly. 

How  are  spots  and  stains  removed  by  absorption?  Some 
spots  and  stains  may  be  removed  by  coming  in  contact  with 
other  materials  which  absorb  them. 

Experiment  58.  How  are  grease  spots  and  stains  removed  by 
absorption?  (a)  Place  some  powdered  French  chalk  or  magnesium 
carbonate  over  a grease  spot  on  a piece  of  cloth.  Allow  it  to  stand 
for  several  hours.  Result?  How  is  the  grease  removed? 

{b)  Place  a piece  of  cloth  with  a grease  spot  on  it  between  two 
blotting  papers.  Press  with  a hot  iron.  Result?  What  is  the  pur- 
pose of  the  hot  iron?  Of  the  blotting  paper? 

(c)  Place  a drop  of  fountain-pen  ink  on  any  white  fabric.  Before 
the  ink  dries,  place  the  fabric  in  a cup  of  milk  and  let  it  stand  for 
several  days.  Remove  the  fabric  and  rinse  it  in  water.  Result? 
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How  are  spots  and  stains  removed  by  chemical  action? 

In  the  two  methods  of  removing  grease  or  stains  described  in 
Experiments  57  and  58,  it  was  not  necessary  to  use  materials 
which  have  a chemical  action  on  the  grease  or  stains.  Some 
stains,  however,  can  be  removed  only  by  using  materials  which 
will  act  chemically  upon  them.  If  the  fabric  is  white,  this  can 

be  done  without  danger  to  the 
fabric.  If  the  fabric  is  colored, 
the  action  of  the  chemical  may 
be  such  as  to  cause  the  color  of 
the  fabric  to  change;  so  great 
care  must  be  taken.  Of  course, 
as  you  recall  from  Experiment 
50,  some  chemicals  destroy  cer- 
tain fabrics.  You  must,  there- 
fore, choose  the  right  kind  of 
chemical  for  each  fabric. 

Experiment  59.  How  are  spots  and  stains  removed  by  chemical 
action?  (a)  Obtain  a piece  of  cloth  stained  with  iron  rust.  Wet  the 
stain  with  water,  touch  it  with  a drop  of  hydrochloric  acid  on  the 
end  of  a stirring  rod  (Figure  232),  and  rinse  the  fabric  in  water.  The 
iron  rust  is  changed  by  the  acid  into  a soluble  material  which 
washes  away.  When  rinsed,  add  a drop  of  ammonium  hydroxide, 
an  alkali  which  will  act  upon  any  acid  which  remains  to  form  a 
new  harmless  substance. 

(&)  Obtain  a piece  of  white  cotton  material  and  spot  it  with 
ink.  Make  a weak  solution  of  calcium  hypochlorite,  or,  as  it  is 
commonly  called,  bleaching  powder.  Soak  the  cotton  in  the  solution 
and  add  a few  drops  of  dilute  hydrochloric  acid.  After  the  spot  is 
bleached,  rinse  thoroughly  and  dry.  The  solution  of  bleaching  powder 
should  not  be  used  in  bleaching  silk  or  woollen  materials  because 
the  chlorine  attacks  the  fibre  and  weakens  it. 

What  methods  are  employed  to  remove  common  stains 
and  spots?  The  preceding  paragraphs  have  shown  you  the 
various  methods  used  in  removing  spots  and  stains.  Table  9 
shows  the  different  materials  and  methods  used  for  removing 
most  of  the  common  spots  and  stains. 


Fig.  233.  Experiment  59. 


SELECTING  AND  CARING  FOR  CLOTHING 


311 


TABLE  9.  Procedures  for  Removing  Common  Spots  and 


Stains 

Kind  of  Stain  or  Spot 

Materials  and  Method  of  Removal 

Blood 

Chocolate  or  Cocoa. 
Egg 

Soak  in  a lukewarm  solution  of  salt  and  then  rinse 
thoroughly. 

Pour  boiling  water  over  the  stain. 

First  wash  in  cold  water  and  then  in  warm  water 

Fruit  stains 

and  soap. 

Apply  boiling  water  directly  to  the  stain. 

Apply  ether  or  alcohol  directly  to  the  stain. 

Apply  carbon  tetrachloride  directly  to  the  stain, 
or  use  warm  soapsuds. 

Apply  oxalic  acid  to  the  stain  with  a glass  rod. 

. After  the  stain  disappears,  apply  ammonia  and 
rinse  thoroughly  in  water. 

Usually  paint  may  be  dissolved  with  turpentine. 
Follow  the  turpentine  with  gasoline. 

Apply  boiling  water  directly  to  the  stain,  letting 
it  flow  through  the  stain. 

Grass 

Grease 

Ink  and  iron  rust. . . 

Paint 

Tea  or  coffee 

Some  skill  is  required  to  remove  stains  so  that  no  spot 
will  be  left  on  the  fabric.  A little  practice,  however,  will 
enable  one  to  become  efficient.  If  you  have  some  old  pieces 
of  cloth,  it  would  be  worth  while  to  stain  them  with  the 
various  kinds  of  stains  listed  in  Table  9 and  then  try  to 
remove  the  stains  according  to  the  directions. 

How  are  clothes  dry  cleaned?  As  you  know,  in  the  process 
of  laundering,  water  and  soap  are  used.  These  materials 
affect  the  fibres  of  clothing  materials,  and  the  clothes  them- 
selves lose  their  shape.  You  can  probably  imagine  the  effect 
upon  a suit  of  woollen  clothes  of  a thorough  washing  in  hot 
water  and  soap.  For  this  reason  many  garments  are  dry 
cleaned.  In  reality,  it  is  not  a process  of  “dry”  cleaning. 
Actually,  the  clothes  are  placed  in  a large  machine  shaped 
somewhat  like  a cylinder.  Certain  cleaning  agents,  such  as 
naphtha,  benzol,  or  carbon  tetrachloride,  are  added,  and 
the  cylinder  is  rotated,  first  in  one  direction,  and  then  in 
another,  to  insure  that  all  parts  of  the  garments  come  in 
contact  with  the  cleaning  fluid.  The  materials  of  which  the 
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cleaning  fluid  is  made  dissolve  the  grease,  but  they  do  not 
affect  the  fibres;  hence,  the  shape  of  the  garments  is  not 
affected.  During  the  process  of  cleaning,  the  garments  are 
placed  in  various  solvents,  and  this  process  is  continued  until 
the  solvent  runs  clear.  Next,  the  garments  are  dried  by  being 
placed  in  machines  which  revolve  rapidly.  After  the  clothes 
are  dried,  any  spots  which  have  not  been  removed  by  the 

cleaning  fluid  are  re- 
moved by  hand.  As  a 
final  step,  the  clothes 
are  pressed,  some  by 
hand  and  others  by 
pressing  machines. 

Dry  cleaning  is 
often  done  at  home, 
but  it  is  questionable 
whether  or  not  this  is 
desirable.  In  the  first 
place,  the  solvents 
used  are  usually  high- 
ly inflammable,  and 
extreme  care  must  be 
taken  to  prevent  ex- 
plosions. In  the  second  place,  the  fire  laws  of  most  cities  for- 
bid the  use  of  these  inflammable  materials  in  buildings.  Fur- 
thermore, the  quantity  of  solvent  required  to  clean  one  or 
two  garments  makes  the  solvent  very  expensive.  On  the 
whole,  better  results  will  be  obtained  at  a commercial  dry 
cleaning  plant  than  at  home,  because  the  methods  for  re- 
moving various  spots  and  stains  are  fairly  complex  and  are 
not  known  by  the  average  person. 

Self-testing  exercise  4.  Make  a list  of  the  kinds  of  spots  or 
stains  which  you  usually  get  on  your  clothes.  After  each  one  list 
the  appropriate  method  of  removing  it.  If  you  do  not  know  how  to 
remove  it,  experiment  with  the  methods  given  in  this  problem 
until  you  learn  how. 


SELECTING  AND  CARING  FOR  CLOTHING 


313 


Problem  5:  How  Are  Fabrics  Dyed? 

Study  Suggestion.  As  dyeing  is  primarily  a chemical  process, 
an  understanding  of  the  principles  involved  is  far  beyond  the  scope 
of  the  material  which  can  be  presented  in  this  book.  In  fact,  chemists 
themselves  differ  in  their  explanations  as  to  what  happens  when 
materials  are  dyed.  It  will  therefore  be  sufficient  for  this  problem 
if  you  understand  why  materials  appear  as  colored  and  how  the 
process  of  coloring  materials  is  brought  about. 

Why  are  objects  of  different  colors?  To  understand  how 
dyeing  results  in  a change  of  color  in  fabrics,  we  must  first 
obtain  an  idea  of  the  nature  of  color.  As  you  know,  in  a totally 


White  fabric  Black  fabric 


Red  fabric 


Fig.  235.  White  fabrics  reflect  the  light  rays  of  all  colors;  black  fabrics 
absorb  the  rays;  and  red  fabrics  absorb  all  rays  except  the  red. 


dark  room  most  objects  are  invisible.  Only  materials  such  as 
burning  or  glowing  gases  or  metals  heated  to  redness  actually 
give  off  light  themselves.  Most  materials  are  visible  because 
they  reflect  the  light  of  the  sun  or  the  light  from  some  other 
source. 

The  light  that  comes  from  the  sun  is  really  a mixture  of 
light  waves  of  different  lengths.  The  longest  waves  that 
affect  the  retina  of  the  eye  so  that  they  are  visible  to  us  give 
a sensation  of  red.  The  shortest  rays  give  us  a sensation  of 
violet.  In  between  the  red  and  violet  rays  are  all  of  the  other 
colors  of  the  rainbow — orange,  yellow,  green,  blue,  and  indigo. 

When  this  light  falls  on  certain  materials,  all  of  the  waves 
are  reflected,  and  the  material  appears  white.  When  the 
light  falls  on  certain  other  materials,  all  of  the  waves  are 
absorbed,  and  the  material  appears  black.  A material  appears 
red  because  it  absorbs  all  of  the  light  waves  with  the  exception 
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of  the  red  ones.  These  waves  of  light  are  thus  reflected  to 
our  eyes  and  give  us  the  sensation  of  red.  In  a similar  fashion, 
a material  which  absorbs  all  of  the  waves  with  the  exception 
of  green,  appears  as  green  to  us. 

The  dyes  which  are  used  to  color  fabrics  are  made  of  dif- 
ferent materials.  Each  material  will  absorb  certain  wave 
lengths  and  will  reflect  other  wave  lengths.  The  wave  lengths 
which  are  reflected  stimulate  certain  parts  of  the  retina,  and 
the  result  is  a sensation  of  color.  The  sensation  of  color 
depends  upon  the  wave  lengths  of  the  light  which  reaches 
the  eye. 

Incidentally,  you  have  probably  noted  that  colors  appear 
different  in  artificial  light  than  they  do  in  the  light  of  the  sun. 
This  is  true  because  the  light  from  artificial  sources  consists 
of  a different  proportion  of  the  various  wave  lengths  from 
that  found  in  natural  sunlight.  You  have  probably  noticed 
that  the  ordinary  incandescent  lamp  gives  off  light  which  is 
strong  in  yellow  rays  and  deficient  in  the  violet  and  blue 
rays.  Therefore,  blue  and  violet  colors  will  appear  much 
darker  than  in  ordinary  sunlight.  Some  large  stores  have 
specially  constructed  electric  lamps  which  have  blue  bulbs. 
These  bulbs  correct  the  artificial  light  by  supplying  blue 
rays;  thus  objects  have  their  natural  color  in  this  light. 

What  types  of  dyes  are  employed?  The  process  of  dyeing 
consists  in  attaching  a colored  material  to  a fabric  in  such  a 
way  that  it  will  not  wash  off  nor  be  removed  by  rubbing. 
Furthermore,  it  is  desirable  to  have  a fast  dye,  that  is,  a dye 
which  will  not  fade  in  water,  in  sunlight,  or  if  moistened  with 
perspiration.  Some  dyes  are  fast  to  water  or  to  perspiration, 
but  are  not  fast  to  sunlight. 

Certain  of  the  dyes  are  called  direct  dyes  because  they 
will  attach  themselves  to  the  fabric  by  simply  soaking  the 
fabric  in  the  dye.  Fabrics  dyed  by  this  process  are  often  not 
fast  to  water.  If  they  are  placed  in  water,  the  dye  will  bleed, 
that  is,  it  will  pass  out  into  the  water  and  color  it.  Some- 
times the  addition  of  salt  to  the  water  will  prevent  bleeding. 
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Animal  fibres,  such  as  silk  and  wool,  take  direct  dyes  more 
readily  than  vegetable  fibres,  like  cotton  and  flax. 

Another  type  of  dye  is  the  mordant  dye.  It  is  so  called 
because  the  cloth  must  first  be  treated  with  certain  chemi- 
cals, called  mordants.  These  chemicals  combine  with  both 
the  fibre  and  the  dye.  As  a result  of  this  combination,  in- 
soluble materials  are 
produced,  and  the  dye 
is  firmly  fixed  on  the 
fibre. 

A third  type  of  dye 
is  known  as  the  de- 
veloped dye.  These 
dyes  differ  from  the 
other  dyes  in  that  the 
color  is  actually  pro- 
duced within  the  fab- 
ric. Aniline  black  is 
an  example  of  this 
type  of  dye.  The 
goods  are  first  soaked 
in  some  material 
which  is  an  oxidizing 
agent,  that  is,  that  contains  oxygen  which  it  will  give  up  to 
other  materials;  therefore,  the  fabric  takes  up  oxygen.  The 
fabric  is  then  soaked  in  aniline,  which  is  a colorless  liquid. 
The  aniline  combines  with  the  oxygen  in  the  fabric  from  the 
oxidizing  agent,  and  the  resulting  compound  is  black.  Thus 
the  black  dye  is  actually  developed  within  the  fabric  by  the 
chemical  reaction  which  takes  place.  Since  the  material  formed 
by  the  combination  of  the  oxygen  with  the  aniline  black  is 
insoluble  in  water,  this  dye  is  fast  to  water. 

Suggested  Activity.  Obtain  various  kinds  of  dyes.  Follow 
the  directions  on  the  package,  and  dye  various  types  of  material. 
After  the  materials  are  dry,  test  them  for  fastness  to  water,  light, 
rubbing,  and  perspiration.  To  do  this,  cut  the  sample  in  several 
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pieces  so  that  one  part  of  the  sample  may  be  used  as  a control,  that 
is,  for  comparison  with  the  other  samples  after  they  have  been 
treated,  and  one  piece  may  be  used  for  each  test.  Try  washing  a 
piece  in  hot  water,  cold  water,  and  hot  water  and  soap.  Place  one 
piece  in  the  sunlight  for  several  days  and  then  compare  it  with  the 
original  sample.  Make  some  artificial  perspiration  by  mixing  two 
ounces  of  vinegar  and  one  ounce  of  salt.  Mount  your  samples  care- 
fully so  that  they  may  be  posted  on  the  bulletin  board  for  other 
members  of  the  class  to  see. 

Self-testing  exercise  5.  (a)  Assume  that  you  have  a necktie 

with  diagonal  stripes  of  green  and  blue.  Explain  why  these  colors 
are  seen.  Assume  that  you  went  into  a room  lighted  with  green 
lights.  How  would  the  appearance  of  your  necktie  change?  Assume 
that  you  went  into  a room  lighted  with  red  lights.  How  would  the 
appearance  of  your  necktie  change? 

(&)  Explain  the  difference  between  (1)  direct  dyes  and  mordant 
dyes,  and  (2)  mordant  dyes  and  developed  dyes. 

Problem  6 : How  Are  Materials  Protected 
FROM  Moths? 

Study  Suggestion.  Glance  through  the  study  material  and 
note  the  titles  of  the  three  sub-problems.  These  sub-problems  are 
the  best  guides  for  study  of  the  text  material.  If  you  can  answer 
them,  you  can  do  the  Self-testing  exercise  on  page  319. 

What  is  the  life  history  of  the  clothes  moth?  To  wage 
successful  battle  against  the  clothes  moth,  one  must  have 
an  understanding  of  its  life  history.  The  clothes  moth  is 
similar  to  its  near  relatives,  the  other  types  of  moths  and 
butterflies,  in  that  it  passes  through  several  stages  of  develop- 
ment from  the  egg  to  the  full-grown  moth.  Let  us  consider 
this  life  cycle,  as  it  is  called. 

Let  us  start  with  the  adult  clothes  moth.  Not  all  of  the 
moths  that  you  see  flying  in  the  house  are  clothes  moths. 
Perhaps  the  easiest  way  to  distinguish  the  clothes  moth  from 
the  other  moths  is  by  noticing  the  behavior  of  the  moth  in 
the  presence  of  light.  The  moths  that  are  attracted  by  the 
light  and  fly  around  it  are  usually  not  clothes  moths.  Clothes 
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moths  may  be  found  in  dark  corners  and  closets.  If  you  have 
ever  seen  moths  flying  in  the  room,  you  have  probably  noticed 
that  they  were  in  the  darkest  parts  of  the  room. 

The  adult  moth,  or  miller,  does  not  feed  upon  clothes;  in 
fact,  it  does  not  eat  at  all.  It  usually  lives  less  than  a month, 
but  during  its  life  the  female  moth  lays  the  eggs  from  which 
the  coming  generation  of  moths  develops.  The  female  moth 
usually  lays  eggs  on  several  successive  days,  the  total  number 
laid  varying  from  fifty  to  one  hundred.  These  eggs  are 


Pupa,  in  cocoon  Adult 
Fig.  237.  The  life  history  of  the  clothes  moth. 

laid  in  many  places,  such  as  in  carpets,  rugs,  clothes,  the 
stuffing  of  upholstered  furniture,  and  furs.  In  fact,  the  eggs 
may  be  laid  in  any  material  made  of  wool,  fur,  hair,  or  feathers. 
Some  of  the  eggs  may  be  deposited  in  the  mesh  of  the  fabric 
if  it  is  loosely  woven,  or  they  may  be  deposited  in  the  folds  of 
garments  or  simply  laid  on  the  outer  surface  of  the  cloth. 
Since  the  eggs  are  nearly  as  large  as  the  head  of  a common 
pin,  they  are  plainly  visible  to  the  naked  eye. 

If  the  weather  is  warm,  the  eggs  will  hatch  in  from  four  to 
eight  days,  and  a tiny  worm-like  animal,  the  larva,  will 
I emerge.  It  is  this  larva  which  does  the  damage  to  clothes. 

I When  it  is  hatched,  it  is  but  one-sixteenth  inch  in  length, 
but  full-grown,  it  may  be  one-half  inch  or  over.  The  food 
required  for  its  growth  is  the  wool,  hair,  fur,  or  feathers, 
which  the  animal  eats.  The  female  moth  has  deposited  the 
eggs  in  such  a place  that  the  food  supply  of  the  larva  is  close 
at  hand,  and  the  larva  immediately  begins  its  work  of  de- 
struction. 
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The  time  required  for  the  larva  to  mature  into  an  adult 
varies  from  fifteen  weeks  to  two  years,  depending  upon  its 
food  supply,  the  temperature,  and  other  conditions.  All  of 
this  time  it  is  getting  its  meal  from  the  material  in  which  it 
lives.  Ultimately,  it  spins  a cocoon  around  its  body  and  passes 
through  the  pupa  stage  in  the  cocoon.  Finally,  at  the  end  of 
a week  or  two  it  emerges  from  the  cocoon  as  an  adult  moth, 
and  the  life  cycle  which  has  been  described  is  repeated  again. 

What  methods  may  be  adopted  to  prevent  moths  from 
attacking  our  clothes?  Ordinarily,  moths  are  found  only  in 
clothing  which  has  been  stored  or  which  is  worn  at  infrequent 
intervals.  It  is  exceedingly  important,  therefore,  that  clothing 
be  freed  of  moth  eggs  before  it  is  stored  and  that  it  be 
covered  in  some  fashion  to  prevent  the  entrance  of  the  female 
moth.  Dry  cleaning  and  thorough  washing  with  hot  water 
and  soap  will  free  clothing  of  live  moth  eggs  and  larvae. 
Pressing  with  a hot  iron  or  exposure  to  the  sunlight  for  several 
hours  is  also  effective  in  ridding  the  fabric  of  moths.  If  the 
clothing  is  then  enclosed  in  bags  or  wrapped  in  paper  which 
does  not  contain  holes  through  which  a larva  may  crawl, 
there  is  no  danger  of  an  attack  by  moths. 

Other  methods  may  also  be  employed.  Clothing  should  be 
frequently  brushed  and  beaten.  The  enclosure  of  moth  balls 
(naphthalene)  or  crystals  of  paradichlorobenzine  in  materials, 
if  they  are  enclosed  in  a tightly  sealed  room  or  chest,  will  kill 
the  larvae  and  prevent  the  eggs  from  hatching.  Probably  the 
best  method  of  protecting  valuable  furs  and  clothing  is  to 
put  them  in  cold  storage.  This  does  not  necessarily  kill  the 
eggs  or  larvae,  but  it  does  prevent  the  eggs  from  hatching, 
and  the  larvae  do  not  eat  when  refrigerated.  It  must  be 
remembered  that  moths  also  lay  eggs  in  upholstered  furniture 
and  in  rugs,  and  that  these  articles  require  cleaning  in  order 
to  keep  them  free  from  moths. 

How  may  moths  be  destroyed?  Mention  has  already  been 
made  of  some  of  the  methods  that  destroy  the  eggs  and 
larvae.  In  addition  to  these  methods,  the  moths  may  be 
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destroyed  by  fumigation.  Several  different  materials  are 
employed,  hydrocyanic-acid  gas,  sulphur  fumes,  carbon 
disulphide,  and  carbon  tetrachloride.  Hydrocyanic-acid  gas 
is  a deadly  gas  which  is  fatal  to  man;  therefore,  it  should  be 
employed  only  by  experts  who  know  how  to  handle  it.  Sulphur 
fumes  are  produced  by  burning  sulphur  candles,  and  their 
use  may  be  accompanied  with  some  danger  of  fire.  The  gas 
formed  by  carbon  disulphide  is  also  inflammable  and  is 
dangerous  for  the  ordinary  individual  to  use.  Carbon  tetra- 
chloride is  non-inflammable  and  can  be  safely  used  by  the 
average  householder.  When  used  in  tight  closets,  from  eight 
to  ten  pounds  is  required  per  thousand  cubic  feet.  Since 
the  vapor  of  carbon  tetrachloride  is  heavier  than  air,  it  should 
be  placed  in  the  top  of  the  closet  and  over  the  materials  to 
be  fumigated.  Ridding  a house  or  an  apartment  of  moths 
is  a very  difficult  task.  Perhaps  the  best  method  is  to  employ 
people  who  make  this  their  business. 

Suggested  Activity.  Examine  woollen  clothes  which  have  been 
stored  for  some  time.  Look  for  eggs  and  larvae  of  moths.  If  there 
are  no  holes,  the  clothes  probably  do  not  contain  moths.  If,  how- 
ever, you  find  moth  holes  in  the  clothes,  the  probability  is  that  both 
eggs  and  larvae  may  be  found. 

Self-testing  exercise  6.  Explain  why  a knowledge  of  the  life- 
history  of  moths  is  necessary  in  order  to  understand  how  to  prevent 
and  to  destroy  them. 

Summary  exercise  on  Unit  VIII.  Make  a list  of  all  the  principles 
or  big  ideas  of  science  that  you  have  learned  from  this  unit. 

Additional  Exercises 

1.  How  does  fanning  help  us  to  keep  cool?  Give  two  reasons. 

2.  While  swimming,  one  sometimes  feels  warmer  in  the  water 
than  on  the  land,  even  though  the  air  is  much  warmer  than  the 
water.  Explain. 

3.  If  you  live  in  a large  city,  obtain  permission  to  visit  the 
laboratory  of  a department  store  and  learn  what  is  done  in  the 
testing  of  fabrics  of  various  kinds. 

4.  How  would  you  determine  if  a piece  of  cloth  is  made  of 
mixed  wool  and  cotton? 
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5.  Why  do  aviators  wear  leather-lined  coats? 

6.  Why  do  some  people  place  newspapers  between  the  mattress 
and  the  springs  during  cold  weather? 

7.  Why  do  birds  “fluff”  out  their  feathers  when  it  is  very  cold? 

8.  Why  is  a wet  wool  bathing-suit  warmer  than  a wet  cotton 
bathing-suit? 

9.  Examine  the  instructions  given  to  purchasers  of  washing 
machines  and  record  the  advantages  which  each  manufacturer 
claims  for  his  machine.  Prepare  a list  of  considerations  one  should 
make  in  purchasing  a washing  machine. 

10.  Why  does  a rubber  raincoat  make  you  feel  hot  on  a summer 
day? 

11.  Make  a collection  of  as  many  kinds  of  fabrics  as  you  can 
obtain.  Mount  the  samples  on  cards  and  label  each  kind.  Also 
tell,  as  far  as  you  can,  the  kinds  and  percentages  of  fibres  in  each. 

12.  Why  do  clothes  dry  more  rapidly  when  the  relative  humidity 
is  low  than  when  it  is  high? 

13.  Why  do  damp  clothes  make  one  feel  “chilly”? 

14.  Under  what  conditions  will  clothes  dry  more  rapidly  out  of 
doors  than  indoors? 

15.  Wet  clothes  are  sometimes  dried  by  revolving  them  rapidly 
in  a perforated,  metal  cylinder.  Explain  how  this  dries  them. 

16.  Why  are  light-colored  clothes  usually  worn  in  the  tropics? 

17.  Why  does  a light  comfort  stuffed  with  down  keep  one  warm? 

18.  Which  is  more  likely  to  be  the  warmer,  a loose-fitting  over- 
coat or  a tight-fitting  one? 

19.  How  could  you  determine  if  a soap  contained  a free  alkali? 

20.  When  a hot  water  bag  is  applied  to  the  body,  the  skin  be- 
comes warm.  Explain. 

21.  Why  are  commercial  cleaning  fluids  usually  composed  of 
several  fluids  mixed  together? 

22.  Why  does  the  floor  feel  colder  when  one  is  barefoot  than  when 
one  is  wearing  stockings? 

23.  Some  people  perspire  freely,  while  others  do  not.  Which 
persons  can  stand  the  highest  temperature? 

24.  Take  a trip  to  a modern  laundry  and  ask  the  manager  to 
explain  everything  that  is  done,  from  softening  the  water  (if  this 
is  necessary)  to  the  final  step  of  laundering  clothes. 
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HOW  DOES  MAN  OBTAIN  AND  CONTROL 
THE  ENERGY  OF  FUELS? 

Preliminary  Exercises 

1.  Why  does  a match  catch  on  fire  when  the  head  is  rubbed  over 
a certain  surface? 

2.  Why  are  paper,  leaves,  or  corncobs  used  to  start  a fire? 

3.  Why  does  water  “put  out”  a fire? 

4.  Some  materials  make  a large  amount  of  smoke  when  they 
burn.  How  do  you  explain  this? 

5.  What  becomes  of  a material  like  wood  when  it  burns? 

6.  Make  a list  of  our  common  fuels.  What  characteristics  make 
these  materials  good  fuels? 

7.  Make  a list  of  the  causes  of  preventable  fires  which  you  have 
known. 

8.  How  is  the  amount  of  heat  produced  in  a stove  or  furnace 
regulated? 

9.  What  is  meant  by  the  term  “conservation  of  fuels”? 

10.  How  do  chemical  fire  extinguishers  work? 

11.  What  is  burning? 

12.  Why  do  you  blow  a match  to  “put  it  out”  and  blow  a fire  to 
make  it  burn? 

The  Story  of  Unit  IX 

We  shall  never  know  how  man  first  discovered  that  fire 
could  be  harnessed  and  made  to  work  for  him.  His  early 
acquaintance  with  fire  may  have  come  from  a burning  forest 
set  ablaze  by  lightning;  perhaps  it  came  from  a flaming  vol- 
cano which  lighted  up  the  night  and  poured  hot  liquid  rock 
and  ashes  down  into  the  plains  below.  At  first  man  probably 
regarded  these  happenings,  or  phenomena,  of  nature  with  awe 
or  reverence;  but  soon  his  natural  curiosity  must  have  tri- 
umphed over  his  fear.  He  found  that  fire  could  be  used  to 
cook  his  food  and  to  furnish  light  and  heat  for  his  shelter. 
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You  have  often  heard  how  primitive  peoples,  like  the 
American  Indians,  obtained  fire  by  rubbing  together  two 
sticks  of  dried  wood  (Figure  238).  The  friction  of  the  rub- 
bing surfaces  caused  enough  heat  to  “set  fire”  to  dry  wood, 
leaves,  or  moss  placed  around  the  rubbing  surfaces.  Our 
great-great-grandfathers  made  fire  by  striking  together  two 


Fig.  238.  With  all  our  knowledge  of  science  the  world  in  places  is  still 
much  as  it  was  when  men  dwelt  in  caves.  This  picture  shows  two 
South  American  Indians  making  fire  by  the  most  primitive  methods 
of  friction.  They  have  not  even  advanced  to  the  stage  where  a bow  is 
used  to  twirl  the  spindle.  (Roy  Pinney  photo.) 

materials  such  as  steel  and  flint,  and  allowing  the  sparks 
produced  in  this  way  to  fall  on  easily  kindled  substances. 
The  modern  friction  gas-lighter  and  cigar-lighter  operate  in 
the  same  manner,  a piece  of  flint  being  rubbed  by  a circular 
piece  of  notched  steel. 

It  was  not  until  1827  that  there  was  invented  a match 
which  could  be  lighted  by  rubbing  the  tip.  This  was  made 
possible  by  discoveries  of  chemists,  who  had  learned  more 
about  the  nature  of  fire.  Thus  the  uncertain  methods  of 
rubbing  sticks  together  and  striking  sparks  have  given  way 
to  the  match,  which  can  be  kindled  with  so  little  effort. 
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And  now  let  us  turn  from  the  methods  used  by  man  to 
“light”  fires  to  a consideration  of  certain  questions  regarding 
the  nature  of  fire  and  its  control.  For  example,  do  all  mate- 
rials burn?  Of  course  you  know  that  some  materials,  such 
as  paper,  wood,  and  coal,  burn 
readily,  while  others,  such  as 
soil,  glass,  and  brick,  do  not. 

This  question  can  be  answered 
from  one’s  own  experience.  The 
answer,  however,  raises  another 
problem,  namely,  “Why  will 
some  materials  burn,  while 
others  will  not?”  To  solve 
this  problem,  you  must  under- 
stand something  of  the  chem- 
ist’s explanation  of  burning. 

The  first  requirement  in  building  a fire  is,  of  course,  to 
secure  some  combustible  materials.  Ordinarily,  we  first 
obtain  some  paper,  leaves,  corncobs,  or  shavings.  On  these 
materials  we  pile  some  small  sticks  or  kindling  wood  and  then 
some  larger  pieces  of  wood  or  some  coal.  We  then  light  the 
paper  or  leaves,  and  if  we  have  arranged  our  materials 
correctly,  the  larger  pieces  of  wood  or  coal  will  catch  fire. 

Many  persons  know  “how”  to  build  a 
fire, but  not  so  many  understand  “why” 
the  materials  must  be  placed  on  the  fire 
in  a certain  order  and  arranged  in  a cer- 
tain way  (Figure  240).  For  example, 
why  should  materials  like  paper  or 
leaves  be  the  foundation  upon  which 
the  other  materials  are  piled?  If  you 
ask  this  question,  many  people  will  an- 
swer it  by  saying,  “because  paper  catches  fire  more  quickly 
and  more  easily  than  coal.”  This  statement  is  true,  of  course, 
but  it  is  only  a partial  answer  to  the  question.  The  com- 
plete explanation  must  answer  still  another  question,  namely. 


Flint 


in  Barrel 


Trigge 


Priming  Cup 

Fig.  239.  When  the  trigger  of  the 
flintlock  musket  is  pulled,  the  flint 
strikes  the  steel,  and  a spark  is 
sent  into  the  powder  in  the  priming 
cup.  Through  a small  hole  the  fire 
gets  to  the  powder  in  the  barrel. 
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“Why  does  paper  catch  fire  more  easily  than  wood  or  coal?” 
If  you  can  answer  this  question,  you  can  explain  why  the 
materials  are  placed  in  a certain  order  in  building  a fire. 

Many  other  problems  come  to  your  attention  as  you  think 
about  fire.  Fire  gives  off  light.  Some  materials  burn  with  a 
flame,  and  others,  such  as  charcoal  or  coke,  merely  glow. 
Why  is  this  true?  Burning  is  also  accompanied  by  the 


Fig.  241.  A famous  hotel  before  its  destruction  by  fire. 


production  of  heat.  Heat,  as  you  know,  is  a form  of  energy. 
This  heat  energy  developed  during  burning  must  come  from 
somewhere.  What  is  this  source  of  energy?  Another  curious 
characteristic  of  a fire  is  that  the  materials  which  burn 
apparently  disappear  (Figures  241  and  242).  A huge  log  will 
get  smaller  and  smaller,  until  finally  only  a small  heap  of 
ashes  is  left.  What  becomes  of  the  remainder  of  the  log?  All 
of  these  questions  must  be  answered  before  you  really  under- 
stand the  nature  of  burning. 

When  you  have  solved  the  first  problem,  “What  happens 
when  materials  burn?,”  you  will  have  the  basis  for  an  under- 
standing of  the  remaining  problems.  You  will  be  able  to 
see  why  some  materials  are  classed  as  fuels,  while  other 
materials  are  not.  You  will  understand  how  energy  is  ob- 
tained from  fuels,  and  how  fuels  differ  from  each  other.  You 
will  see  how  the  various  heating  devices  are  constructed  so 
that  they  may  secure  the  maximum  amount  of  energy  from 
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the  fuels  which  are  burned  in  them.  Furthermore,  you  will 
see  how  the  prevention  and  control  of  destructive  fires  can 
be  accomplished,  and,  finally,  you  will  become  acquainted 
with  the  reasons  why  some  measures  must  be  taken  to  con- 
serve the  fuel  resources  of  our  country. 


Fig.  242.  What  was  left  after  the  destruction  by  fire  of  the  hotel  shown 
in  Figure  241.  Certain  materials  of  which  the  hotel  was  constructed 
have  completely  disappeared.  Can  you  explain  what  became  of  them, 
and  why  some  of  the  materials  did  not  burn?  (Grinnell  Co.  photo.) 


Problem  1:  What  Happens  When  Materials 
Burn? 

Study  Suggestion.  Before  beginning  the  study  of  this  problem, 
you  should  review  some  of  the  ideas  which  have  been  presented  in 
earlier  units.  These  ideas  will  help  you  to  understand  the  new 
problem.  Following  are  the  references  which  will  help  you:  energy, 
pp.  136-137;  oxidation,  pp.  137-138;  chemical  energy,  p.  147; 
elements,  p.  150;  chemical  change,  p.  220;  oxidation  in  the  human 
body,  pp.  225-227. 

What  is  burning?  Let  us  start  our  investigation  of  the 
nature  of  burning  with  an  experiment  which  will  help  us  to 
understand  one  of  the  conditions  which  must  be  present  if 
burning  is  to  take  place. 
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Experiment  60.  Does  a fire  need  air?  (a)  Light  a candle,  set 
it  on  a table,  and  place  a chimney  over  it.  Then  cover  the  top  of 
the  chimney.  Does  the  candle  continue  to  burn? 

{h)  Repeat  (a),  but  this  time  set  the 
chimney  on  three  or  four  matches,  as 
shown  in  Figure  243,  and  do  not  cover 
the  top  of  the  chimney.  Does  the  candle 
continue  to  burn? 

(c)  Make  some  touch  paper  by  soak- 
ing a piece  of  filter  paper  or  a paper 
towel  in  a solution  of  potassium  nitrate 
and  allowing  the  material  to  become 
dry.  When  this  paper  is  lighted,  it  will 
give  off  smoke.  Light  a piece  of  this 
paper  and  place  it  near  the  bottom  of  the 
chimney.  Does  air  enter  the  chimney? 
(The  smoke  from  the  paper  will  show  the 
air  currents.) 


Fig.  243.  Experiment  60. 


Until  the  year  1777  it  was  thought 
that  all  of  the  gases  of  which  the  air 
is  composed  (Table  8,  page  225)  were  necessary  for  burning. 
Previous  to  that  time,  in  1774,  Joseph  Priestley,  an  English 
scientist,  had  discovered  a gas  in  which  materials  burned 
very  brightly;  however,  the  experimenter  did  not  know  that 
this  same  gas  was  present  in  air,  and  that  it  caused  burning. 
You  can  readily  prepare  this  gas  in  the  laboratory  by  the 
same  method  that  Priestlev  used. 


Experiment  61.  How  can  the  gas  which  causes  burning  be  pre- 
pared? (a)  Place  enough  red  rust  of  mercury  in  a test  tube  to  make 
a layer  about  one-eighth  inch  deep  in  the  bottom  of  the  tube.  Heat 
the  bottom  of  the  tube,  holding  it  in  an  inclined  position  (Figure 
244)  and  rotating  it  slowly  to  heat  it  evenly  on  all  sides.  From  time 
to  time  thrust  a glowing  splinter  of  wood  into  the  tube.  What 
happens?  How  do  you  account  for  this? 

(b)  Continue  heating  the  tube  until  the  red  powder  has  completely 
disappeared.  Remove  the  tube  from  the  flame,  and,  holding  the 
mouth  downward,  tap  it  against  a piece  of  paper  on  the  table. 
What  comes  out? 
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Antoine  Lavoisier  (la  vwa  zya'),  one  of  the  first  great 
chemists,  proved  that  this  gas  was  the  true  cause  of  burning. 
By  experiments  he  showed  that  metals  take  this  gas  from  the 
air  when  they  rust  and  that  fuels  will  not  burn  in  air  from 
which  this  gas  is  removed.  But  if  a rust,  such 
as  red  rust  of  mercury,  is  heated  and  the  gas 
passed  back  into  this  air,  materials  will  again 
burn  in  it.  In  this  way  he  demonstrated  that 
the  burning  of  fuels  and  the  rusting  of  metals 
are  caused  by  the  same  kind  of  gas.  He 
called  this  gas  oxygen. 

The  per  cent  of  oxygen  in  the  air  may  be 
determined  by  experiment.  Iron  rusts  when 
it  is  placed  in  air.  When  it  rusts,  it  takes 
up  oxygen.  You  may  take  advantage  of  this 
characteristic  of  iron  to  find  what  part  of  the  air  is  oxygen. 


Fig.  244. 


Experiment  62.  What  is  the  per  cent  of  oxygen  in  the  air? 

(a)  Fill  a test  tube  with  water  and  then  pour  out  the  water.  This 
leaves  the  inside  wall  of  the  test  tube  moist.  Sprinkle  a pinch  of 
iron  filings  or  iron  powder  into  the  tube  so  that  the  filings  are  scat- 
tered over  the  inside  wall.  Invert  the  tube  into  a glass  of  water, 
and  allow  it  to  stand  until  the  next  day  (Figure 
245).  What  happens?  How  do  you  account  for 
this?  (See  Experiment  30,  page  188). 

ih)  Hold  the  tube  so  that  the  water  levels  in- 
side the  tube  and  in  the  glass  are  the  same. 
Place  your  finger  or  thumb  over  the  mouth  of 
the  test  tube,  remove  the  tube  from  the  glass, 
and  turn  it  mouth  upward.  The  water  flows  to 
the  bottom.  Remove  your  finger  and  lower  a 
lighted  match  into  the  tube.  What  happens? 
Why?  Does  this  prove  the  conclusion  you 
reached  in  part  (a)?  Why? 

(c)  Measure  the  entire  length  of  the  tube,  and  then  divide  the 
length  of  the  water  column  in  the  tube  by  the  length  of  the 
tube.  The  result  will  be  the  approximate  per  cent  of  oxygen  present 
in  the  air.  Why? 


Fig.  245. 
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Careful  experiments  have  shown  that  approximately  twen- 
ty-one per  cent  of  the  air  is  oxygen.  Compare  the  results 
which  you  obtained  with  the  actual  percentage  of  oxygen 
in  the  air.  How  do  you  account  for  the  difference?  (Keep 
in  mind  that  a scientist  works  with  precise  instruments.) 

We  can  summarize  in  two  sentences  what  we  have  learned 
so  far  about  burning:  (1)  Air  is  necessary  for  burning  to  take 
place  because  it  supplies  oxygen.  (2)  Oxygen  is  used  up  dur- 
ing the  process  of  burning;  therefore,  fresh  air  must  be  sup- 
plied to  bring  in  more  oxygen. 

And  now  let  us  see  what  the  oxygen  does.  If  we  compare 
an  unburned  piece  of  coal  or  wood  or  paper  with  a piece 
which  has  been  burned,  we  observe  that  a great  change  has 
taken  place.  The  material  has  decreased  in  size,  and  the 
materials  which  are  left  are  unlike  the  original  materials. 
This  is  evidence  that  a chemical  change  has  taken  place. 
The  oxygen  has  not  simply  mixed  with  the  materials;  it  has 
combined  with  them,  and  the  result  is  a change  in  the  com- 
position of  the  materials.  Let  us  perform  an  experiment  to 
make  this  difference  clear. 

Experiment  63.  How  does  mixing  two  materials  together  differ 
from  combining  two  materials?  (a)  Mix  together  equal  parts  by 
volume  of  flowers  of  sulphur  and  iron  powder.  Use  enough  of  each 
so  that  you  will  have  about  one-half  test  tube  of  mixture. 

(6)  Examine  the  mixture  of  sulphur  and  iron.  Can  you  dis- 
tinguish one  from  the  other?  Pour  about  one-fourth  test  tube  of 
the  mixture  into  water  and  shake  thoroughly.  Allow  the  mixture  to 
stand  for  a few  minutes.  Are  the  materials  now  separated?  Why? 

(c)  Place  about  one-half  inch  of  the  mixture  of  iron  and  sulphur 
which  you  made  in  (a)  in  a test  tube.  Heat  the  test  tube  in  a flame 
until  a red  glow  spreads  throughout  the  mixture,  and  then  remove 
the  tube  from  the  flame.  Allow  the  contents  of  the  test  tube  to 
cool,  and  then  break  the  test  tube  so  as  to  secure  the  material. 
Crush  the  material.  Examine  it  carefully.  Can  you  distinguish 
between  the  iron  and  the  sulphur? 

{d)  Pour  the  material  in  a test  tube  of  water,  shake  it,  and  allow 
it  to  stand  a few  minutes.  Compare  the  results  with  those  of  (6). 
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You  see  from  this  experiment  that  when  two  materials  are 
mixed  together,  they  do  not  necessarily  change  chemically. 
When  two  materials  combine,  as  the  iron  and  sulphur  do 
when  heated,  a new  material  is  formed  which  does  not  possess 
the  same  properties  as  the  original  materials.  In  a similar 
fashion  oxygen  combines  with  certain  materials  like  paper, 
wood,  or  coal  and  produces  new  materials  during  the  chemical 
change.  This  chemical  change  is  accompanied  by  heat  and 
light.  The  combination  of  oxygen  with  a material  accom- 
panied by  heat  and  light  is  called  combustion,  or  burning. 

Perhaps  you  can  understand  now  why  some  materials 
burn,  while  others  do  not;  that  is,  why  some  materials  are 
combustible  and  others  are  incombustible.  A material  which 
will  not  combine  with  oxygen  will  not  burn.  Glass,  for 
example,  is  composed  of  materials  which  have  resulted  from 
the  combination  of  other  materials  and  oxygen;  therefore 
it  cannot  combine  with  more  oxygen.  This  is  also  true  of 
stone  and  water.  Many  materials  will  combine  slowly  with 
oxygen,  but  do  not  produce  heat  and  light.  Iron,  for  example, 
combines  with  oxygen  to  form  iron  oxide,  or  iron  rust,  as  it 
is  commonly  called.  Evidently,  certain  other  conditions 
must  be  present  to  make  materials  burn  with  a flame. 

In  the  first  place,  materials  have  to  be  heated  to  their 
kindling  point,  or  burning  temperature,  before  they  will 
burn.  When  you  hold  a lighted  match  to  a piece  of  paper, 
the  heat  from  the  match  raises  the  temperature  of  the  paper 
to  the  point  where  it  will  combine  rapidly  with  oxygen.  The 
heat  from  the  burning  paper  raises  the  temperature  of  the 
small  sticks  of  wood  to  their  kindling  point,  and  these,  in 
turn,  heat  the  coal  or  large  pieces  of  wood  to  their  burning 
point.  The  small  shavings  from  a large  stick  of  wood  will 
catch  fire  much  more  quickly  than  the  log  from  which  it 
came.  Since  they  are  composed  of  the  same  material,  their 
kindling  temperature  is  identical.  Only  a small  amount  of 
heat,  however,  is  required  to  raise  the  shavings  to  their 
burning  temperature,  because  there  is  less  material  to  be 
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heated  than  in  the  large  log.  Furthermore,  the  surface  area 
of  the  shavings  is  very  large  for  their  weight;  thus  a greater 
surface  is  exposed  to  the  oxygen  for  a certain  weight  of 
material  than  in  the  larger  piece.  Coal,  on  the  other  hand, 
has  a higher  burning  temperature  than  wood;  therefore,  it 
must  be  heated  longer  before  it  will  catch  fire.  There  are, 
therefore,  three  requirements  for  burning:  (1)  a material 
which  combines  with  oxygen,  (2)  a constant  supply  of  oxy- 
gen, and  (3)  the  heating  of  the  material  until  it  reaches  its 
burning  temperature. 

Suggested  Activities.  1.  Obtain  a friction  cigar-lighter.  Make 
a drawing  of  it  and  explain  how  it  operates. 

2.  Devise  an  experiment  to  prove  whether  soil  is  a mixture  or 
a compound. 

3.  Obtain  a chemistry  book  and  find  out  how  to  prepare  oxygen 
by  a different  method  from  the  one  used  in  this  book.  Prepare  some 
oxygen  by  this  method. 

Why  do  some  materials  burn  with  a flame?  Even  if  the 
three  requirements  for  burning  are  present,  ail  materials  will 
not  burn  with  a flame.  For  flame  to  accompany  burning,  one 
more  requirement  is  necessary.  To  understand  how  a flame 
is  produced,  we  must  consider  further  the  changes  which  take 
place  in  burning. 

A burning  piece  of  wood  is  hot.  Before  it  is  lighted,  it  is 
at  the  same  temperature  as  the  air  around  it.  What  is  the 
source  of  the  heat?  In  order  to  answer  this  question  you 
must  first  consider  some  of  the  methods  of  producing  heat. 
If  you  rub  a coin  on  your  sleeve  a few  minutes,  it  gets  hot. 
The  longer  you  rub,  the  hotter  it  gets.  Like  the  wood  before 
burning,  the  coin  is  cold  before  it  is  rubbed.  In  the  rubbing 
of  the  coin,  the  energy  of  your  muscles  is  transferred  to  the 
coin  in  the  form  of  heat.  Heat,  then,  is  simply  another  form 
of  energy. 

If  you  pour  a few  drops  of  glycerine  on  a small  pile  of  pow- 
dered potassium  permanganate,  the  mixture  will  burst  into 
flame  and  produce  both  heat  and  light.  The  potassium 
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permanganate  and' glycerine  possess  energy  which  is  changed 
into  heat  energy  whenever  they  come  in  contact.  The  energy 
which  they  possess  is  called  chemical  energy.  All  materials 
contain  chemical  energy.  Under  certain  conditions  this 
energy  can  be  changed  into  heat  energy.  This  is  what  takes 
place  when  a material  burns.  The  chemical  energy  of  the 
materials  entering  into  the  burning  is  changed  into  heat 
energy. 

When  things  burn,  they  also 
produce  another  kind  of  energy 
which  we  call  light,  and  we  say 
that  the  materials  burn  with  a 
flame.  Perhaps  the  simplest  way 
to  understand  how  the  flame  is  pro- 
duced is  to  study  a burning  candle. 

Experiment  64.  Where  does  the 
burning  take  place  in  a candle  flame? 

Hold  a match  stick  horizontally  across 
the  flame  of  a candle  (Figure  246)  just 
above  the  wick,  until  it  starts  to  burn.  Remove  it  quickly  from  the 
flame  and  extinguish  it.  Examine  the  stick.  Does  the  burning  take 
place  inside  of  the  flame  or  on  the  outside  of  the  flame? 

When  a candle  burns,  it  becomes  shorter  and  shorter.  The 
wax  of  which  the  candle  is  composed  melts.  The  liquid 
which  is  formed  may  be  seen  in  the  cup-shaped  cavity  at  the 
top  of  the  candle  around  the  base  of  the  wick.  From  here  it 
rises  through  the  wick  just  as  a liquid  rises  through  a piece 
of  lump  sugar,  or  ink  spreads  throughout  a blotter. 

Experiment  65.  How  does  the  wax  get  to  the  part  of  the  flame 
where  the  burning  takes  place?  (c)  Light  a candle,  and  when  it  is 
burning  well,  rapidly  lower  a piece  of  white  paper,  held  in  a hori- 
zontal position,  downward  until  it  just  touches  the  wick,  and  then 
remove  it  quickly.  Examine  the  piece  of  paper  at  the  point  where 
it  touches  the  wick.  What  do  you  see?  Account  for  the  result. 

(&)  Obtain  a glass  tube  about  six  or  seven  inches  long  and  about 
three-eighths  inch  in  diameter,  drawn  to  a small  opening  at  one 


Fig.  246.  Experiment  64. 


332 


EVERYDAY  PROBLEMS  IN  SCIENCE 


end.  The  opening  should  have  a diameter  about  one-half  as  great 
as  the  diameter  of  the  tube.  Warm  the  tube,  and  then  hold  it  in 
the  candle  flame,  as  shown  in  Figure  247.  Light  the  gas  which 
comes  out  of  the  end  of  the  tube.  This  gas  is  unburned  wax  gas. 
It  is  formed  at  the  wick  because  of  the  heat  of  the  flame,  which  turns 
the  liquid  to  a gas.  When  it  reaches  the  outer  part  of  the  flame, 
it  combines  with  oxygen  and  burns. 

You  know  now  how  a candle 
burns,  but  you  do  not  know  why 
it  burns  with  a bright  flame. 

Experiment  66.  Why  does  a candle 
bum  with  a bright  flame?  (a)  Hold  a 
white  porcelain  dish  in  a candle  flame 
for  a minute.  Remove  the  dish  and 
examine  the  part  which  was  in  the 
flame.  What  do  you  observe?  This 
material  is  carbon.  How  would  you 
describe  carbon? 

(b)  Light  a Bunsen  burner  and  close 
the  holes  by  turning  the  collar  at  the  bottom.  Repeat  (a).  Do 
you  get  the  same  result? 

(c)  Light  a Bunsen  burner  and  open  the  holes.  How  does  the 
flame  compare  with  the  flame  obtained  when  the  holes  are  closed? 
Repeat  (a).  Do  you  get  the  same  result?  Obtain  a match  which  is 
thoroughly  charred,  and  powder  it.  Introduce  some  of  this  black 
powder  into  the  holes  of  the  Bunsen  burner.  What  effect  does 
this  have  on  the  color  of  the  flame?  Note  that  when  the  particles 
are  heated,  they  glow  and  color  the  flame.  Scrape  some  of  the 
carbon  off  the  white  dish  and  introduce  it  into  the  holes  of  a Bunsen 
burner.  Do  you  get  the  same  results  as  with  the  charred  match? 
Explain  how  this  experiment  proves  that  the  color  of  the  candle 
flame  is  caused  by  glowing  carbon  particles. 

You  can  now  understand  why  some  materials  burn  with 
a flame,  while  others  do  not.  All  materials  which  burn  with 
a flame  change  to  a gas  before  they  combine  with  oxygen. 
When  a piece  of  paper  is  heated  with  a match,  the  heat 
decomposes  the  paper,  and  a gas  is  formed.  This  gas  then 


Fig.  247.  Experiment  65. 
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combines  with  oxygen.  When  oxygen  combines  with  the  gas, 
the  chemical  energy  of  the  oxygen  and  the  gas  is  changed  into 
heat  energy.  This  heat  raises  the  temperature  of  any  solid 
materials  which  may  be  in  the  gas  until  they  glow,  thus  caus- 
ing the  flame  to  be  luminous.  The  flame  of  a Bunsen  burner  is 
luminous  when  the  holes  in  the  base  are  closed,  because  not 
all  of  the  carbon  particles  are  burned;  it  is  practically  non- 
luminous  when  the  holes  are  open,  because  sufficient  oxygen 
is  present  to  burn  all  of  the  materials  in  the  gas. 

Some  materials  are  not  decomposed  by  heat,  or  they  are 
not  heated  to  a high  enough  temperature  to  change  them  to 
a gas.  Such  materials,  therefore,  do  not  burn  with  a flame. 
For  example,  when  a piece  of  charcoal  burns,  it  remains  in 
the  solid  form  until  it  unites  with  oxygen;  hence,  no  flame  is 
produced.  All  of  our  common  fuels  burn  with  a luminous 
flame  because  they  change  to  a gas  before  they  combine 
with  oxygen,  and  this  gas  contains  solid  carbon  particles 
which  glow  and  give  the  flame  its  color. 

Suggested  Activities.  1.  Light  a candle,  blow  it  out,  and  then 
quickly  bring  a lighted  match  to  a point  about  one-half  inch  above 
the  wick.  How  do  you  explain  what  happens? 

2.  Light  a Bunsen  burner.  Lower  a piece  of  wire  gauze  (or  a 
piece  of  window  screen)  over  the  flame,  moving  the  gauze  around. 
Does  the  flame  pass  through  the  gauze?  Now  hold  the  gauze  in 
one  spot  over  the  flame  for  a time.  Compare  what  happens  when 
the  gauze  is  moved  with  what  happens  when  the  gauze  is  not 
moved.  Explain  the  difference. 

What  becomes  of  fuels  when  they  burn?  Since  burning  is  a 
chemical  change  brought  about  by  the  combination  of  mate- 
rials with  oxygen,  it  is  evident  that  new  materials  must  be 
formed.  Anyone  who  has  watched  a candle  become  shorter 
and  shorter  as  it  burns  knows  that  finally  the  candle  dis- 
appears. Does  this  mean  that  the  material  which  composed 
the  candle  has  been  destroyed? 

Candles  are  usually  made  of  a white  solid  called  paraffin. 
It  is  composed  of  two  elements.  One  of  these  is  carbon;  the 
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other  is  a colorless  gas  called  hydrogen.  It  is  hard  to  realize 
that  a white  solid  could  be  made  of  a black  solid  and  a color- 
less gas ; yet  this  is  true.  We  have  already  seen  how  materials 
change  when  they  are  combined  chemically,  and  paraffin  is 
simply  another  example  of  a material  which  is  produced  by 
the  chemical  combination  of  two  elements.  Since  it  is  com- 
posed of  more  than  one  element,  we  know 
that  it  is  called  a compound. 

Since  we  know  the  elements  of  which  paraffin 
is  composed,  it  is  possible  to  devise  an  experi- 
ment to  show  what  becomes  of  it  as  it  is 
burned. 

Experiment  67.  What  becomes  of  a candle 
when  it  burns?  (a)  Light  a small  candle  and 
place  a clean,  dry  beaker  mouth  downward 
over  the  flame  for  a few  seconds.  Notice  the  film 
which  covers  the  inside  wall.  This  film  is  water. 
(Another  name  for  water  is  hydrogen  oxide.  It  is  formed  by  the 
combination  of  hydrogen  and  oxygen.  Chemists  write  its  formula 
as  H2O,  which  means  that  water  is  composed  of  two  parts  of 
hydrogen  and  one  of  oxygen.)  Can  you  explain  why  the  water  is 
not  visible  as  it  comes  from  the  candle  flame? 

(h)  Light  a candle  and  lower  it  into  a clean  bottle  or  jar.  Cover 
the  jar.  When  the  flame  “goes  out,”  remove  the  candle  and  pour 
enough  limewater  into  the  jar  to  make  a layer  about  one-half  inch 
deep.  Cover  the  jar  quickly  with  the  glass  plate  and  shake  the 
contents.  Refer  to  Experiment  44,  pages  225-226.  What  product 
results  from  the  burning  of  the  candle?  (Chemists  write  the  formula 
of  this  compound  as  CO2.) 

The  preceding  experiment  shows  you  that  carbon  dioxide 
and  water  are  formed  when  a candle  burns.  Both  of  these 
materials  are  compounds,  and  when  they  are  in  the  form  of 
gases,  they  are  colorless.  In  order  for  them  to  be  formed 
during  the  process  of  burning,  the  oxygen  of  the  air  must 
have  combined  with  the  elements  in  the  paraffin,  that  is,  with 
the  hydrogen  and  the  carbon.  Burning,  therefore,  is  the 


Fig.  248.  Ap- 
paratus for  Ex- 
periment 67. 
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process  in  which  oxygen  combines  with  a material  or  with  some 
of  the  elements  of  which  the  material  is  composed. 

Our  common  fuels,  such  as  wood,  coal,  gas,  and  petroleum, 
contain  carbon  and  hydrogen;  like  the  candle  they  also  com- 
bine with  oxygen  and  form  carbon  dioxide  and  water.  If 
the  temperature  of  the  flame  is  hot  enough  to  keep  them  at 
their  burning  temperature  and  if  there  is  plenty  of  oxygen, 
these  fuels  will  disappear  in  the  same  manner  as  the  candle. 
Of  course,  in  wood  and  coal  there  are  minerals  which  will  not 
burn;  these  are  left  as  ashes. 

When  fuels  do  not  obtain  enough  air  to  burn  completely, 
as  when  large  amounts  of  fuel  are  thrown  on  a fire,  the  fire 
generally  smokes,  because  there  is  not  sufficient  heat  to  raise 
the  fuel  to  the  burning  temperature  nor  enough  oxygen  to 
burn  it.  This  smoke  is  composed  of  unburned  particles  of 
carbon.  Smoke,  therefore,  is  not  a product  of  burning;  it  is, 
rather,  made  up  of  those  parts  of  the  fuel  which  escape  with- 
out burning. 

Suggested  Activity.  Obtain  a piece  of  wood  about  two  inches 
long  and  small  enough  to  fit  into  a test  tube.  Heat  the  test  tube 
containing  the  wood  over  a flame.  Try  to  light  the  gas  which  comes 
from  the  tube.  Result?  What  is  left  in  the  tube?  Why  does  it  not 
burn  in  the  tube? 

After  no  more  gas  comes  from  the  tube,  remove  the  charcoal 
from  the  tube,  place  it  on  a wire  gauze,  and  heat  it  directly  with 
a Bunsen  burner  for  a long  time.  Result? 

Self-testing  exercise  1.  Write  a complete  explanation  of  burning. 
Include  in  your  paper  an  answer  to  these  questions:  (1)  Why  will 
some  materials  burn  while  others  will  not?  (2)  Why  is  air  necessary 
for  burning?  (3)  Why  is  it  usually  necessary  to  heat  a material 
before  it  will  “catch  fire”?  (4)  What  is  the  process  of  burning? 
(5)  What  is  the  source  of  the  heat  produced  in  burning?  (6)  Why  are 
some  flames  luminous,  while  others  are  non-luminous?  (7)  What 
happens  to  the  materials  in  fuels  during  the  process  of  burning? 

Do  not  just  write  answers  to  the  above  questions.  These  ques- 
tions are  simply  guides  to  help  you  to  write  a complete  explana- 
tion of  burning. 
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Problem  2:  How  Are  Our  Important  Fuels 
Obtained? 

Study  Suggestion.  In  Problem  1 you  learned  about  the  require- 
ments for  burning  and  the  nature  of  burning.  You  also  learned 
that  while  the  process  of  burning  is  the  same  for  all  materials,  each 
material  burns  differently  because  of  its  different  physical  and  chem- 
ical properties. 

In  this  problem  you  will  study  the  properties  of  the  different 
fuels  and  the  relation  of  these  properties  to  the  uses  which  are 
made  of  them.  You  should  be  able  to  answer  two  questions  con- 
cerning each  fuel:  (1)  What  are  the  properties  of  the  material 
which  make  it  a good  fuel?  (2)  What  factors  should  be  considered 
in  determining  if  the  fuel  should  be  used  for  certain  purposes? 

What  are  the  characteristics  of  a good  fuel?  A combus- 
tible material  is  called  a fuel  if  it  has  three  characteristics:  (1) 
It  must  start  to  burn  at  a fairly  low  temperature  in  ordinary 
air  and  continue  to  burn  as  long  as  the  proper  amount  of  air 
is  supplied.  (2)  It  must  burn  rapidly  enough  to  produce  heat 
for  the  use  which  we  wish  to  make  of  it.  (3)  It  must  be  avail- 
able in  large  quantities  and  at  a reasonable  cost.  If  a com- 
bustible material  lacks  any  one  of  these  characteristics,  it 
cannot  be  called  a good  fuel.  Let  us  consider  some  materials 
and  see  if  they  meet  these  requirements.  We  find  upon  a 
moment’s  thought  that  wood,  coal,  gas,  kerosene,  coke,  oil, 
and  gasoline  meet  all  of  the  requirements. 

What  are  the  characteristics  of  our  natural  fuels?  For- 
tunately for  man,  nature  has  supplied  us  with  materials 
which  can  be  used  for  fuels  with  little,  if  any,  preparation 
other  than  obtaining  them  from  the  earth.  These  materials, 
wood,  coal,  gas,  and  oil,  are  known  as  natural  fuels . 

Wood  was  in  many  places  probably  the  first  fuel.  It  was 
easily  obtained,  and  the  supply  was  plentiful.  The  early 
pioneers  who  came  to  Canada  were  wholly  dependent  upon 
it.  But  as  the  population  increased,  the  land  was  cleared 
to  make  way  for  fields  of  grain  and  other  food-producing 
plants.  Timber  was  necessary  to  supply  man’s  wants. 
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that  is,  to  build  him  a shelter,  to  keep  him  warm,  and  to 
make  his  furniture;  so  the  forests  gradually  diminished  in 
size.  While  wood  possesses  the  characteristics  of  a low  burn- 
ing temperature  and  will  burn  continuously  if  air  is  supplied, 
its  cost  makes  it  prohibitive  as  a fuel  except  in  certain  rural 
districts  and  in  a few  regions  of  our  country. 

Another  factor  of  importance  which  has  decreased  the  con- 
sumption of  wood  lies  in  the  relative  fuel  value  of  coal  and 
wood.  A wagon- 
load of  coal  gives 
about  three  to 
four  times  as 
much  heat  as  a 
wagon-load  of 
wood ; that  is,  a 
pound  of  coal 
gives  as  much 
heat  as  do  two 
pounds  of  wood. 

This  difference 
in  fuel  value 
means  that  less  space  for  storage  is  required  for  coal.  In  the 
second  place,  a pound  of  coal  will  burn  longer  than  a pound 
of  wood;  hence,  coal  fires  require  less  attention  than  wood 
fires.  For  these  reasons,  coal  has  largely  supplanted  wood 
as  a fuel. 

The  two  principal  kinds  of  coal  are  hard,  or  anthracite, 
and  soft,  or  bituminous  (Figures  249  and  250).  The  compo- 
sition of  coal  is  the  real  basis  upon  which  coals  are  classified 
by  scientists,  because  it  is  the  composition  which  determines 
the  properties  and  uses  of  the  coal.  Table  10  shows  the 
composition  of  these  two  kinds  of  coal.  A comparison  of  the 
two  coals  shows  that  anthracite  contains  more  fixed  carbon 
^ and  less  volatile  material  per  pound  than  does  bituminous 
^ coal.  “Fixed”  carbon  refers  to  the  amount  of  carbon  in  the 
I coal  which  is  not  combined  with  other  elements.  “Volatile” 
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refers  to  the  part  which  escapes  as  a gas  when  the  coal  is 
heated.  If  you  will  heat  a small  quantity  of  bituminous  coal 
in  a test  tube,  you  will  observe  the  gas  which  comes  off. 


TABLE  10.  Composition  of  Samples  of  Coal 


Anthracite 

Bituminous 

Fixed  carbon 

95.4% 

54.2% 

Volatile  matter 

1.3% 

40.8% 

Moisture  

3.3% 

5.0% 

Anthracite  is  frequently  used  in  heating  houses  because 
it  is  a clean  fuel.  It  does  not  break  nor  crumble  easily;  thus 
little  coal  dust  is  formed.  Its  most  important  characteristic, 
however,  is  that  it  contains  but  little  volatile  material  and 
thus  burns  with  practically  no  smoke.  It  requires  more  heat 
to  start  it  burning  than  bituminous  coal,  but  once  lighted,  it 
burns  very  slowly;  thus,  stoves  or  furnaces  need  to  be  filled 
but  once  or  twice  a day.  Its  high  cost,  however,  prevents  its 
general  use  as  a fuel. 

Bituminous  coal  is  by  far  the  most  important  fuel  in  use  in 
our  country.  Approximately  seven  times  as  much  bituminous 
coal  is  used  as  anthracite.  Manufacturing  plants  and  loco- 
motives use  enormous  quantities  for  generating  steam  power, 
and  the  greater  number  of  our  buildings  are  heated  with  it. 
Since  the  coal  contains  so  much  volatile  material,  much 
smoke  results  from  its  burning  unless  the  amount  of  fuel, 
the  supply  of  air,  and  the  temperature  of  the  furnace  are 
carefully  controlled.  But  these  factors  are  rather  difficult  to 
control,  and  the  result  is  usually  seen  in  the  clouds  of  smoke 
which  float  over  our  cities  and  the  thin  deposit  of  carbon  in 
the  form  of  soot  on  our  buildings  and  streets.  The  high  fuel 
value  of  bituminous  coal,  the  ease  with  which  it  may  be 
kindled,  the  rapidity  with  which  it  burns,  and  its  compara- 
tively low  cost  make  it  the  most  abundantly  used  fuel. 

In  the  purchase  of  coal  there  are  several  factors  which 
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should  be  considered.  One,  of  course,  is  the  fuel  value.  This 
is  dependent  to  a large  extent  upon  the  amount  of  mineral 
matter  in  the  coal.  Coal,  as  you  know,  was  produced  by  the 
action  of  pressure  and  heat  upon  plant  materials.  The  coal, 
therefore,  contains  the  minerals  which  were  taken  from  the 


Fig.  251.  Millions  of  years  ago  certain  regions  were  covered  with 
swamps  dense  with  trees,  ferns,  and  other  plants.  These  fell  into  the 
water,  the  land  sank,  and  mud  settling  to  the  bottom  covered  the 
dead  plants.  Then,  as  the  ages  passed,  the  land  rose  and  new  plants 
appeared.  Again  the  land  settled,  and  the  plants  were  buried  in  mud. 
Enormous  pressure  changed  the  buried  plants  into  coal,  and  the 
energy  from  the  sun  that  had  made  the  plants  grow  was  trapped  in 
the  earth.  (Field  Museum  photo.) 

soil  by  the  plant.  In  addition,  it  may  contain  slate,  the  hard- 
ened clay  which  became  imbedded  in  the  coal  during  the 
process  of  its  formation.  These  minerals,  of  course,  do  not 
burn  and  are  left  as  ash.  Poor  coal  may  contain  as  much  as 
thirty-five  per  cent  of  ash.  In  the  better  grades  of  coal  most 
of  the  slate  is  removed.  The  price  of  coal  is  not  necessarily  a 
good  guide  to  what  you  are  getting  for  your  money.  A cheap 
coal  may  actually  be  more  expensive  than  another  coal  at  a 
higher  price  because  it  contains  a larger  per  cent  of  minerals. 
The  best  way  to  select  coal  is  on  the  basis  of  its  fuel  value. 
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In  recent  years  the  use  of  oil,  or  petroleum,  for  fuel  has  in- 
creased tremendously.  A large  number  of  ships  are  now 
burning  oil  instead  of  coal,  because  it  has  been  shown  that 

for  their  use,  oil  is  much 
cheaper  and  cleaner.  The 
use  of  oil  in  home  fur- 
naces is  also  increasing 
rapidly.  Petroleum, 
called  crude  oil,  is  ob- 
tained from  the  ground 
by  drilling  holes  through 
the  soil  and  rock  into  the 
oil-bearing  layers  (Figure 
252).  The  crude  petro- 
leum which  comes  from 
the  wells  is  a black,  oily 
liquid.  It  is  not  a single 
compound ; it  is  a mixture 
of  various  compounds  of 
hydrogen  and  carbon,  or 
hydrocarbons,  as  they  are 
called.  Petroleum  con- 
tains gasoline,  fuel  oil, 
kerosene,  lubricating  oil, 
paraffin,  and  other  in- 
gredients. As  you  would 
expect,  it  has  a very  low 
burning  point,  and  burns 
with  great  rapidity. 
Natural  gas  is  obtained  in  much  the  same  way  as  oil.  When 
the  drill-pipe  reaches  the  gas  layer,  the  gas,  being  held  under 
compression  by  the  layer  of  rock  above,  rushes  out  of  the 
pipe  with  great  force  until  the  well  is  exhausted.  Pipe  lines 
carry  the  gas  to  storage  tanks  near  the  wells  and  from  them 
to  cities  as  far  as  hundreds  of  miles  away.  Natural  gas  has 
many  advantages  as  a fuel.  It  has  a low  burning  temperature 


Fig.  252.  Hundreds  of  feet  down  are 
pools  of  oil  trapped  under  layers  of  rock 
and  earth.  Sometimes  the  pressure  on 
the  oil  is  so  great  that  when  the  drill 
reaches  the  pool,  the  oil  spouts  into  the 
air  with  terrific  force.  (Underwood  and 
Underwood.) 
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and  can  be  ignited  with  an  ordinary  match.  It  burns  with 
great  rapidity  and  produces  its  maximum  amount  of  heat  at 
once.  The  rate  of  burning  is  easily  controlled  by  simply 
regulating  the  amount  of  gas  flowing  into  the  burner.  The 
burner  may  be  adjusted  so  that  the  gas  is  completely  burned; 
consequently,  no  smoke  is  produced.  In  general,  it  is  used 
more  for  cooking  purposes  than  for  heating  buildings.  It  is 
an  ideal  fuel  for  heating  buildings  as  far 
as  its  heat  producing  qualities  are  con- 
cerned; its  high  cost,  except  near  the 
gas  fields,  prevents  its  general  use  for 
this  purpose. 

Suggested  Activity.  Visit  your  coal 
dealer  and  obtain  samples  of  the  various 
kinds  of  coal.  Ask  the  dealer  about  the 
characteristics  of  each  of  the  kinds  of  coal 
and  the  uses  for  which  they  are  fitted. 

. , , . Fig. 253.  Experiment  68. 

How  are  our  artificial  fuels  obtained? 

Many  of  our  fuels  are  manufactured  from  our  natural  fuels. 
Coal  gas,  kerosene,  gasoline,  and  coke  are  the  commonest 
fuels  of  this  type.  These  have  been  developed  to  meet  cer- 
tain demands  which  are  not  supplied  by  the  natural  fuels. 

Several  methods  of  making  artificial  gas  are  employed. 
Perhaps  the  commonest  method  is  the  destructive  distillation 
of  soft  coal.  This  process  can  be  duplicated  on  a small  scale 
in  the  laboratory. 

Experiment  68.  How  can  you  make  gas  from  soft  coal?  Set 

up  an  apparatus  as  in  Figure  253.  Remove  the  stopper  from  the 
test  tube  and  place  in  the  tube  a humber  of  small  pieces  of  soft 
coal.  Replace  the  stopper  and  heat  the  tube  by  moving  it  back  and 
forth  in  the  flame.  Observe  what  happens.  When  smoke  comes 
from  the  small  opening  at  the  end  of  the  delivery  tube,  bring  a 
flame  to  this  opening.  What  happens?  Heat  the  test  tube  until  no 
more  gas  is  obtained.  Allow  the  tube  to  cool.  Break  the  tube  and 
examine  the  contents.  This  is  coke.  Also  note  the  brown  liquid  on 
the  sides  of  the  tube.  This  liquid  is  coal  tar. 
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In  the  commercial  manufacture  of  coal  gas,  the  coal  is 
heated  in  iron  retorts  (Figure  254).  The  gas  which  is  driven 
off  from  the  coal  contains  coal  gas,  coal-tar  gas,  and  ammonia 
gas.  These  gases  pass  upward  to  the  hydraulic  main,  which  is 
a long  horizontal  pipe  containing  water.  Part  of  the  ammonia 
gas  is  absorbed  here.  In  the  condenser  the  coal-tar  gas  is  con- 
densed and  collects  in  the  tar  well.  In  the  scrubber  the  rest 
of  the  ammonia  gas  is  absorbed  by  the  spray  of  water.  The 


Fig.  254.  There  are  three  steps  in  the  process  of  making  gas  from  coal: 
First,  the  gas  is  freed  from  the  coal  by  heat  in  the  retorts.  Second,  the 
gas  is  purified  by  being  freed  from  ammonia,  coal  tar,  and  sulphur. 

Third,  the  gas  is  collected  into  tanks. 

purifier  contains  various  chemicals  which  combine  with  any 
sulphur  compounds  contained  in  the  gas.  The  gas  collects  in 
the  gas  holder,  from  which  it  is  distributed  to  the  consumer. 

Kerosene  and  gasoline  are  manufactured  from  petroleum. 
As  has  been  mentioned,  petroleum  is  not  a compound,  but  a 
mixture  of  various  hydrocarbons.  Each  of  the  liquids  present 
in  the  crude  oil  has  its  own  boiling  point,  and  therefore  each 
of  the  ingredients  can  be  separated  from  the  others.  The  oil 
is  put  in  a large  retort  and  heated  for  several  hours  to  the 
boiling  point  of  the  most  volatile  liquid.  The  gas  which  comes 
off  is  led  through  a pipe  cooled  by  water  flowing  over  the  pipe. 
The  gas  condenses,  and  the  liquid  flows  from  the  pipe  to  be 
collected  in  tanks.  Then  the  temperature  is  raised  to  the 
boiling  point  of  the  next  most  volatile  liquid,  until  it  has 


OBTAINING  THE  ENERGY  OF  FUELS 


343 


changed  to  a gas,  and  so  on  until  the  gases  cease  to  be  formed. 
This  process  is  called  fractional  distillation. 

Kerosene  or  gasoline  stoves  have  replaced  to  a considerable 
degree  the  wood  or  coal  cook  stove.  A fire  is  easily  kindled, 
and  cooking  may  be  commenced  immediately  over  the  open 
flame.  When  cooking  is  completed,  the  fire  may  be  ex- 
tinguished. Kerosene  and  gasoline  thus  meet  a demand  for 
a quick  source  of  heat,  a clean  fuel,  and  an  economical  fuel. 


Fig.  255.  Coke  ovens  in  full  blast  of  operation.  Coke  is  made  by 
heating  soft  coal  in  ovens  from  which  most  of  the  air  is  shut  out. 
Why  is  most  of  the  air  kept  out?  (©Jas.  E.  Thompson) 


Another  artificial  fuel  which  is  used  in  increasing  quan- 
tities is  coke.  Coke,  as  you  have  already  discovered  (Exper- 
iment 68),  is  prepared  by  the  distillation  of  soft  coal.  It  dif- 
fers from  coal  in  that  it  contains  little,  if  any,  volatile  mate- 
rials. It  is  rather  difficult  to  ignite,  but  once  started,  it  pro- 
duces an  intense  heat  with  practically  no  smoke.  It  is  often 
mixed  with  bituminous  coal  in  furnaces.  The  coal  burns  more 
easily  than  the  coke,  and  this  helps  to  keep  the  coke  burning. 

Suggested  Activity.  Make  a collection  of  different  kinds  of 
fuels.  Label  each,  and  state  its  source  and  its  fuel  value  per  pound. 
The  fuel  value  may  be  obtained  from  local  fuel  dealers. 

Self-testing  exercise  2.  Prepare  a series  of  statements  concern- 
ing the  advantages  and  disadvantages  of  the  different  types  of  fuels. 
For  example,  Soft  coal  usually  produces  much  smoke  when  it  hums, 
because  it  contains  a high  per  cent  of  volatile  materials. 


344 


EVERYDAY  PROBLEMS  IN  SCIENCE 


Fig,  256.  Experiment  69. 


Problem  3:  How  Is  the  Heat  Produced  by  a 
Fire  Regulated? 

Study  Suggestion.  Before  beginning  the  study  of  this  problem, 
recall  the  requirements  necessary  for  burning  (pages  326-330). 
You  will  discover  as  you  study  this  problem  that  the  regulation  of 
the  heat  produced  by  a fire  varies  with  the  kind  of  fuel;  in  other 
words,  it  depends  upon  certain  properties 
of  the  fuels.  How  this  problem  is  solved 
with  the  different  fuels  and  why  the 
methods  are  essentially  different  are  the 
two  questions  which  should  guide  you  in 
your  study. 

How  does  a fire  supply  its  own  air? 

Since  air  contains  only  a certain  per 
cent  of  oxygen,  it  is  evident  that 
burning  will  take  place  in  a given 
quantity  of  air  only  until  the  oxygen  supply  is  exhausted. 
It  is  therefore  necessary  that  a continuous  supply  of  fresh 
air  be  available  to  supply  the  necessary  oxygen,  or  the  fire 
will  be  extinguished.  The  question  which  we  must  answer, 
therefore,  is,  “How  is  this  continuous  supply  of  fresh  air 
provided  for  the  fire?” 

Perhaps  the  easiest  way  to  understand  how  a fire  supplies 
its  own  air  is  to  perform  an  experiment. 

Experiment  69.  How  does  fresh  air  reach  the  flame?  (a)  Arrange 
an  apparatus  as  shown  in  Figure  256.  This  is  a box  fitted  with  a 
glass  front.  One  hole  is  cut  in  the  top  of  the  box  and  another  in 
the  side  near  the  bottom.  A lamp  chimney  is  placed  over  the  hole 
in  the  top,  and  a burning  candle  is  placed  inside  of  the  box  directly 
under  the  hole.  Hold  a piece  of  smoking  punk-stick  or  paper  over 
the  chimney  which  stands  above  the  candle.  Does  the  smoke  move 
up  or  down? 

Now  move  the  smoking  paper  or  stick  to  the  hole  at  the  side  of 
the  box.  What  happens?  This  movement  of  the  air  caused  by  dif- 
ferences in  temperature  is  called  a convection  current.  Why  does  a 
difference  in  the  temperature  of  the  air  cause  a convection  current? 
(See  pages  117-118.) 
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(b)  Make  a drawing  of  the  apparatus,  and  show  by  small  arrows 
the  direction  of  the  air  currents  through  it.  On  the  basis  of  this 
experiment  and  of  Experiment  19,  pages  117-118,  answer  the  ques- 
tion, “How  does  the  fire  provide  its  own  supply  of  fresh  air?” 

Suggested  Activity.  Obtain  a tall 
lamp  chimney  (ordinarily  called  the  stu- 
dent-type chimney).  Cut  a piece  of  card- 
board in  the  shape  of  a “T”  and  place  it 
in  the  chimney  so  that  the  long  part  of 
the  cardboard  extends  down  three  or  four 
inches  into  the  chimney  and  divides  the 
chimney  into  two  parts.  Place  a candle 
under  the  chimney.  Does  the  candle  con- 
tinue to  burn?  Remove  the  T-shaped 
cardboard.  What  happens?  Explain. 

How  is  the  rate  of  burning  regu- 
lated in  our  stoves  and  furnaces?  If 

you  have  ever  built  a fire  in  a stove  or 
furnace,  you  know  that  it  is  necessary 
to  have  the  draft  and  the  damper  open. 

The  draft  is  an  opening  or  a series  of 
openings  at  the  bottom  of  the  stove 
under  the  grate,  which  supports  the  fuel  (Figure  257).  The 
damper  is  a circular  piece  of  metal  which  fits  inside  the  stove- 
pipe. It  is  shown  open  in  Figure  257  and  closed  in  Figure 
258.  When  the  fire  is  started,  a convection  current  is  pro- 
duced, the  fresh  air  coming  in  through  the  draft,  passing  up 


Fig.  258.  The  picture  at  the  left  shows  the  stove-pipe  damper  closed, 
that  is,  crosswise  in  the  pipe.  The  two  pictures  at  the  right  show 
drafts  open  and  closed. 

through  the  holes  in  the  grate,  circulating  through  the  fuel, 
and  finally  continuing  its  upward  journey  through  the  stove- 
pipe into  the  chimney  and  out  of  the  house.  As  the  fire  grows 
hotter,  the  convection  current  increases,  so  that  larger  and 


Fig.  257.  Section  view 
of  a stove. 
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larger  amounts  of  air  pass  through  the  stove.  Under  these 
conditions  the  fuel  burns  very  rapidly  because  of  the  large 
supply  of  oxygen.  Much  of  the  heat,  however,  passes  up  the 
chimney  because  the  hot  gases  are  driven  out  by  the  large 
quantity  of  fresh  air  which  is  entering  through  the  draft. 
If  both  draft  and  damper  are  left  open,  the  fuel  supply  is 

thus  soon  exhausted. 

To  decrease  the  rate  of 
burning  it  is  necessary  to 
decrease  the  amount  of 
oxygen  which  enters  the 
stove.  This  may  be  ac- 
complished in  three  ways  : 
by  partially  closing  the 
draft,  by  partially  closing 
the  damper,  or  by  par- 
tially closing  both  draft 
and  damper.  By  adjust- 
ing the  draft  and  damper, 
any  desired  amount  of 
air  can  be  obtained,  and 
thus  the  rate  of  burning 
may  be  regulated. 

Suggested  Activity.  Examine  the  stove  or  furnace  in  your 
home.  Make  a drawing  of  it,  and  label  all  of  its  parts.  Some  fur- 
naces may  be  regulated  from  upstairs  by  means  of  a chain.  If  your 
furnace  is  regulated  in  this  fashion,  explain  just  how  the  chain 
operates  the  regulating  devices. 

How  is  the  amount  of  heat  regulated  in  a kerosene  stove? 

Before  this  question  can  be  answered,  we  must  first  learn 
how  the  kerosene  stove  operates.  The  main  parts  of  the 
kerosene  cook  stove  are  the  feed-reservoir,  feed-pipe,  burner 
wick,  and  chimney  (Figures  259  and  260).  The  reservoir  is 
usually  made  of  glass  so  that  the  oil  level  may  always  be  seen. 
The  kerosene  flows  by  gravity  through  the  feed-pipe  and 
supplies  the  burners.  The  burner  holds  the  wick  in  place 
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and  is  hollow  in  the  centre  so  that  air  may  enter.  Air  may 
also  enter  around  the  burner  on  the  outside  of  the  wick.  At 
the  top  of  the  burner  is  the  flame-spreader,  which  throws 
the  flame  outward.  The  chimney  is  placed  over  the  burner, 
and  above  the  chimney  is  the  grate.  Except  for  the  flame- 
spreader,  the  construction 
of  the  kerosene  stove  dif- 
fers little  from  that  of 
the  kerosene  lamp. 

The  kerosene  in  the 
feed-pipe  is  absorbed  by 
the  wick,  through  which 
it  rises.  The  flame- 
spreader  is  then  lifted  up 
and  the  wick  is  lighted. 

When  the  flame  encircles 
the  entire  wick,  the  flame- 
spreader  is  lowered,  and 
the  height  of  the  wick  is 
adjusted.  The  chimney 
prevents  the  heat  from 
escaping  at  the  sides,  and 
the  difference  in  weight 
between  the  hot  air  inside  the  chimney  and  the  cold  air  out- 
side produces  a convection  current.  The  hot  air  is  forced  out 
through  the  top  of  the  chimney. 

In  the  kerosene  stove  the  amount  of  heat  produced  is 
controlled  by  regulating  the  amount  of  fuel  supplied  to  the 
flame.  The  oil  rises  through  the  wick,  and  the  heat  of  the 
flame  causes  it  to  vaporize.  The  amount  of  oil  which  vaporizes 
during  a given  time  depends  upon  the  amount  of  wick  which 
is  exposed.  It  is  thus  possible  to  regulate  the  amount  of  heat 
produced  by  lowering  or  raising  the  wick. 

Suggested  Activity.  Obtain  a kerosene  lamp.  Light  it,  and 
raise  the  wick  until  a good  flame  is  produced.  Raise  the  wick  farther. 
How  do  you  account  for  what  takes  place? 


Fig.  260.  Parts  of  a kerosene  burner. 
The  feed-pipe  carrying  oil  from  the 
reservoir  enters  the  bottom  of  the  burner. 
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Barrel 


Collar 


Fig.  261. 


How  are  gas  burners  regulated?  In  one  respect  the  gas 
burner  is  similar  to  the  kerosene  stove;  that  is,  the  amount 
of  heat  produced  is  regulated  by  increasing  or  decreasing  the 
supply  of  fuel.  The  gas  burner,  however,  is  essentially  dif- 
ferent from  the  kerosene  burner  because  it  uses  a gaseous 
fuel,  while  the  kerosene  burner  uses  a liquid  fuel.  The  opera- 
tion of  a gas  burner  can  probably  be  best  understood  by 
examining  a Bunsen  burner,  which  is  one  of  the  most  fre- 
quently used  pieces  of  apparatus  in  the 
laboratory. 

Experiment  70.  How  is  the  Bunsen  burner 
constructed  and  how  does  it  operate?  (a)  Un- 
screw the  barrel  from  the  base  of  the  burner 
and  remove  the  collar  from  the  barrel.  Ob- 
serve the  small  hole  in  the  delivery  tube.  Attach 
the  delivery  tube  to  a gas-jet,  turn  on  the  gas, 
and  light  it.  Describe  the  flame  produced. 

ib)  Turn  off  the  gas  and  replace  the  barrel 
and  collar.  Turn  the  collar  so  that  the  holes 
are  closed.  Light  the  gas.  Describe  the  flame  produced.  Turn  the 
collar  so  that  the  holes  are  open.  What  effect  does  this  extra  supply 
of  air  have  on  the  size  and  color  of  the  flame? 

(c)  Which  is  the  hotter  flame,  the  yellow  or  the  blue?  Obtain 
two  beakers  or  tin  cups  of  the  same  size.  Pour  just  two  inches  of 
water  in  each  container.  Take  the  temperature  of  the  water.  Heat 
the  water  in  one  beaker  with  the  yellow  flame  for  three  minutes  and 
record  the  temperature.  Without  changing  the  amount  of  gas,  turn 
the  collar  so  that  the  holes  are  open.  Heat  the  other  beaker  of 
water  for  three  minutes,  recording  the  temperature  before  and  after 
heating.  What  do  you  conclude? 

(d)  Where  is  the  hottest  part  of  the  blue  flame?  Hold  a wire 
gauze  horizontally  at  the  highest  point  of  the  flame,  then  lower 
it  until  it  is  just  above  the  inner  blue  cone,  and  finally  hold  it  just 
above  the  barrel  of  the  burner.  In  which  part  of  the  flame  would 
you  place  a material  to  Heat  it  in  the  least  time  to  the  highest 
temperature? 

(e)  Why  is  the  blue  flame  hotter  than  the  yellow  flame?  Hold 
a white  dish  in  the  yellow  flame.  Note  that  carbon  collects  on  the 
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dish.  Repeat,  holding  a clean  white  dish  in  the  blue  flame.  Is  car- 
bon given  off  by  the  blue  flame?  In  which  flame  is  the  greater  amount 
of  burning  taking  place?  Why?  Recalling  that  the  blue  flame  is 
smaller  than  the  yellow  flame  when  the  supply  of  gas  is  the  same, 
you  can  now  give  two  reasons  why  the  blue  flame  is  hotter  than 
the  yellow.  What  are  they? 

(/)  Write  a report  on  this  experiment,  including  answers  to  all 
questions. 

The  experiment 
has  shown  that  to 
secure  the  greatest 

amount  of  heat  262.  A gas-stove  burner.  The  gas  enters 

from  any  given  through  the  gas  line  and  is  mixed  with  air  in 

quantity  of  gas  it 

is  necessary  that  the  correct  proportion  of  air  and  gas  be 
supplied  to  the  burner. 

The  kitchen  gas-stove  burner  (Figure  262)  is  similar  in 
construction  and  operation  to  the  Bunsen  burner.  Examine 
your  gas  burner  at  home  and  locate  the  gas  line,  or  delivery 
tube,  air  regulator,  and  mixing  chamber.  Turn  on  the  gas 
and  light  it.  Are  the  small  flames  blue  or  yellow?  If  the  tips 
of  the  flames  are  slightly  yellow,  the  presence  of  small  par- 
ticles of  unburned  carbon  is  indicated  (see  page  332).  Such 
a flame  will  blacken  the  cooking  utensils.  Why?  If  your 
gas  burner  at  home  has  a yellow  flame  and  smokes  the  uten- 
sils placed  over  it,  the  gas  company  should  be  requested  to 
place  the  burner  in  proper  adjustment. 

Suggested  Activity.  Make  a drawing  of  the  gas  stove  in 
your  home,  showing  the  position  of  the  burner,  mixing  chamber, 
and  air  holes.  If  your  stove  has  an  automatic  lighter,  explain  how 
it  operates. 

How  is  the  heat  from  oil  burners  regulated?  Mention  has 
already  been  made  of  the  use  of  oil  burners  in  heating  houses. 
One  great  advantage  of  an  oil  burner  over  a furnace  using 
coal  is  that  the  amount  of  heat  may  be  regulated  auto- 
matically. Let  us  see  how  this  is  made  possible. 
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Two  problems  must  be  solved  in  the  construction  of  an  oil 
burner.  First,  the  oil,  being  a liquid,  must  be  changed  to  a 
vapor  and  mixed  with  the  correct  proportion  of  oxygen  before 
it  will  burn.  Second,  the  mixture  of  oil  vapor  and  oxygen 

must  be  sprayed  into  the 
fire  box  where  it  can 
burn.  There  are  several 
methods  of  accomplish- 
ing these  ends.  One 
method  is  attained 
through  the  use  of  the 
“ gun- type  ” burner.  In 
this  method  the  oil  is 
forced  through  a nozzle 
under  pressure  and 
emerges  from  the  noz- 
zle as  a fine  mist;  this 
is  quite  similar  in  opera- 
tion to  an  atomizer.  As 
the  oil  emerges  front  the 
nozzle,  it  is  mixed  with 
a current  of  air  produced 
by  a fan,  or  blower,  as  it 
is  called.  The  mixture 
is  then  ignited  by  an 
electric  spark  and  con- 
tinues burning  until  the  motor  is  shut  off,  which  stops  the  oil 
pump  and  the  fan. 

In  another  type,  the  rotary  atomizing  burner,  a cup,  disk, 
or  plate  is  placed  in  the  fire  box  and  is  rotated  by  an  electric 
motor  directly  beneath  it.  The  oil  is  raised  to  this  rotating 
plate,  thrown  outward  by  the  centrifugal  force,  and  mixed 
with  air,  which  causes  it  to  vaporize.  While  the  operation 
of  the  two  types  is  slightly  different,  both  types  vaporize 
the  oil  and  mix  the  vapor  with  air,  thus  securing  complete 
combustion  of  the  fuel. 


Fig.  263.  A gun-type  oil  burner.  In  the 
upper  left-hand  corner  of  the  picture  is 
shown  the  construction  of  the  sprayer 
for  oil  and  air.  An  electric  spark  flows 
between  the  ignition  points  as  soon  as 
the  burner  starts,  and  stops  after  the 
mixture  is  ignited. 
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The  amount  of  heat  in  an  oil  burner  is  regulated  by  control- 
ling the  quantity  of  fuel  which  is  vaporized  and  sprayed  into 
the  fire  box.  This  is  often  controlled  automatically  by  a 
device  called  a thermostat  (Figure  69,  page  95).  The  desired 
temperature  is  obtained 
by  arranging  the  coil  of 
a metal  thermometer  in 
such  a way  that  when 
the  temperature  reaches 
or  rises  above  the  de- 
sired point,  an  electrical 
connection  which  ^ con- 
trols the  motor  is  broken. 

If  the  temperature  falls 
below,  the  switch  is 
closed,  and  the  motor 
starts  again.  A clock 
may  be  attached  to  the 
thermostat  in  such  man- 
ner that  it  will  auto- 
matically turn  on  the 
heat  at  any  desired 
time.  By  the  use  of 
the  oil  burner  and  ther- 
mostat it  is  thus  possible 
to  keep  the  temperature 


Fig.  264.  A rotary-atomizer  type  oil 
burner.  The  centrifugal  force  of  the 
whirling  plate  throws  the  mixture  of  oil 
and  air  from  the  slots  in  the  plate  against 
the  side  of  the  fire  box.  Here  it  is  ignited 
by  an  electric  spark. 


of  a house  constant  at  all  times. 

Suggested  Activity.  If  you  have  an  oil  burner  in  your  home, 
examine  it  and  see  how  it  operates.  If  you  do  not  understand  how 
it  works,  write  to  the  company  manufacturing  it  and  request  them 
for  information. 

Self-testing  exercise  3.  (a)  Contrast  the  regulation  of  heat  in 

a coal  or  wood  stove  with  the  regulation  of  heat  in  a kerosene  stove. 

(&)  Explain  how  air  is  supplied  in  the  coal  stove,  kerosene  stove, 
gas  stove,  and  oil  burner. 

(c)  Explain  why  the  construction  of  an  oil  burner  must  be  dif- 
ferent from  that  of  a gas  burner. 
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Problem  4:  How  Has  Canada  Met  the  Problem 
OF  A Fuel  Supply? 

Study  Suggestions.  In  the  study  of  this  problem  try  to  keep  in 
mind  three  questions.  (1)  How  does  the  geography  of  Canada  raise 
problems  of  fuel  supply?  (2)  In  what  ways  have  different  sections  of 
the  country  tried  to  meet  their  own  difficulties?  (3)  Is  it  a more  im- 
portant question  in  Canada  to  find  ways  to  save  fuel  or  to  find  ways  to 
distribute  it? 


Fig.  265.  Origin  and  Distribution  of  Canada’s  Fuel  Supply. 


What  is  the  problem  of  our  fuel  supply?  Under  Canadian 
soil  lie  1,234,829,000,000  tons  of  coal,  which  at  the  present 
rate  of  mining  would  supply  Canada  with  fuel  for  100,000 
years.  Yet  with  so  much  of  her  own,  Canada  buys  from 
other  countries  50%  of  the  coal  that  she  consumes.  The 
reason  for  the  anomaly  is  that  nature  has  stored  most  of  the 
coal  on  the  one  hand  in  Nova  Scotia,  and  on  the  other  in 
Alberta  and  British  Columbia.  Both  of  these  regions  are 
many  miles  from  the  densely  populated  districts,  particu- 
larly of  Ontario,  and  the  long  hauls  are  expensive.  The 
whole  problem  in  Canada  is  largely  a question,  therefore,  of 
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finding  means  of  carrying  coal  cheaply  from  the  two  ends  of 
the  country  to  the  middle.  As  yet  the  problem  has  not  been 
solved.  Coal  remains  an  expensive  commodity  in  the  greater 
industrial  centres.  (The  origin  and  distribution  of  Canada’s 
coal  supplies  may  be  seen  in  Figure  265.) 

How  have  some  districts  overcome  the  difficulty  of  the 
“long  haul”  of  coal?  But  coal  is  only  one  of  the  several 
sources  of  heat  and  power  for  home  industry.  Firewood  is 
still  burned  in  quantities  estimated  at  10,000,000  cords 
yearly.  In  1924  Canada  burned  nearly  22,000,000,000  cubic 
feet  of  natural  gas;  and  millions  of  gallons  of  petroleum  are 
produced  and  imported  to  take  the  place  of  coal.  In  addition 
to  this,  and  more  spectacular  in  its  benefits,  is  the  power 
developed  from  Canadian  rivers.  By  controlling  the  water 
falling  over  cataracts  and  rapids,  and  by  distributing  the 
power  by  high  tension  lines  strung  across  the  country,  each 
of  the  provinces  has  lessened  its  dependence  on  the  distri- 
bution of  coal.  The  wide  use  of  electric  power  has  proved 
a boon,  particularly  to  those  districts  where  coal  is  expensive. 
One  may  stand  in  a factory  and  hear  the  hum  of  motors  turned 
by  water  hundreds  of  miles  away.  Electric  power  is  furnished 
even  to  rural  sections  where  fifty  years  ago  the  candle  was  the 
only  illumination  and  men  and  oxen  provided  the  motive 
power.  Hydro-electric  power  development  may  be  seen  in 
Table  11. 


TABLE  11.  Development  of  Water  Power  in  Canada 


Date 

Developed  Horse  Power 

1900 

173,000 

1910 

977,000 

1920 

2,516,000 

1930 

6,125,000 

1934 

7,547.000 

Even  the  last  figure  fails  to  represent  the  amount  of  water 
power  that  could  be  developed  in  Canada.  Nobody  knows 
how  great  the  figure  might  be,  but  an  idea  of  the  present 
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distribution  compared  with  available  hydro-electric  power  in 
Canada  may  be  obtained  by  a study  of  the  map,  Figure  377 
on  Page  493. 

Water  electric  power  comes  cheaply  for  lighting,  for  cook- 
ing, for  turning  wheels,  and  though  in  Canada  it  takes  the 
place  of  30  to  35  million  tons  of  coal,  it  is  still  too  expensive 
to  be  used  for  winter  heating  in  our  northern  climate.  In  a 
few  cities,  Calgary,  Edmonton,  Medicine  Hat,  for  instance, 
where  natural  gas  does  not  have  to  be  piped  too  far,  that  fuel 
is  used  in  many  furnaces.  Gas,  like  oil,  has  the  advantage  of 
being  easily  controlled  by  a thermostat. 

What  methods  may 
be  employed  to  save 
fuel  in  the  home?  In 

the  majority  of  Cana- 
dian homes,  however, 
people  continue  to  use 
coal.  Most  of  them, 
particularly  in  the 
“acute  fuel  area” 
shown  in  Figure  265, 
are  concerned  to  reduce 
the  expense  of  their 
cold  weather  fuel,  and 
have  discovered  that  a 
saving  may  be  intro- 
duced by  a more  effi- 
cient method  of  stok- 
ing. The  new  methods, 
used  first  in  industrial  plants,  have  been  quickly  adopted  for 
domestic  purposes.  A more  efficient  use  of  coal  has  developed 
from  the  discovery  that  about  one  third  of  the  heat  value  of 
the  coal  was  passing  up  the  chimney.  In  the  burning  of  coal 
this  loss  is  due  partly  to  the  careless  stoking  of  fires  and  partly 
to  the  inefficient  heating  devices  which  do  not  completely  burn 
the  fuel.  When  large  quantities  of  coal  are  thrown  on  a fire. 
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the  heat  is  sufficient  to  drive  off  the  volatile  gases,  but  the 
amount  of  heat  is  not  sufficient  to  heat  all  of  these  gases  to 
their  burning  temperature.  Furthermore,  there  is  usually  an 
insufficient  amount  of  oxygen  to  combine  with  the  large 


Fig.  266.  One  type  of  automatic  coal  stoker.  The  feed  worm  acts  like  a 
giant  screw,  forcing  the  coal  forward  as  it  turns.  A blower,  also  operated 
by  the  motor,  sends  a forced  draft  of  air  through  the  fire. 


amount  of  gases.  The  result  is  that  the  gases  pass  up  through 
the  chimney  unburned.  Great  masses  of  smoke  are  just  so 
much  wasted  fuel.  Of  course,  the  remedy  is  to  throw  on  but 
little  coal  at  a time  and  fire  every  few  hours. 

Modern  industrial  plants  usually  employ  an  automatic 
stoker  (Figure  266).  This  stoker  is  so  constructed  that  it 
feeds  in  a small  quantity  of  coal  continuously.  The  grate 
upon  which  the  coal  is  dumped  is  constructed  like  an  endless 
chain  and  is  kept  moving  slowly  through  the  fire  box.  By 
regulating  the  flow  of  air  and  the  rate  at  which  the  grate 
moves,  it  is  possible  to  secure  complete  fuel  combustion. 

Suggested  Activities.  1.  Find  out  how  the  janitor  of  your 
school  builds  fires  in  the  furnace. 

2.  Survey  the  houses  in  your  block  and  determine  the  number 
which  have  smoking  chimneys  and  the  number  which  do  not. 

Self-testing  exercise  4.  Answer  the  three  questions  raised  in  the 
Study  Suggestion  at  the  beginning  of  this  problem. 
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Fig.  267.  A million  dollars’  worth  of  beautiful  homes  was  destroyed  by 
the  fire  that  swept  this  area.  (Keystone  View  Co.) 


Problem  5 : How  Are  Destructive  Fires  Controlled? 

Study  Suggestion.  A fire  is  possible  only  if  the  three  require- 
ments for  burning  are  present.  As  you  study  the  cause,  prevention, 
and  control  of  destructive  fires  in  this  problem,  keep  these  three 
requirements  in  mind.  One  or  more  of  these  requirements  may  be 
related  to  each  cause  of  fire,  each  method  of  prevention,  and  each 
method  of  extinguishing  a fire. 

“Fire  is  a good  servant  but  a bad  master.”  The  Dominion 
Fire  Commissioner,  in  his  report  for  1934,  gives  the  following 
disastrous  figures  regarding  fires  in  the  ten  years,  1925-1934; 


Property  loss $367,715,846 

Number  of  fires 403,301 

Number  of  fires  in  dwellings 261,855 

Fatalities  by  fire 3,016 


Over  half  the  deaths  by  fire  were  those  of  children.  Nearly 
a third  of  the  fires  were  caused  by  smokers’  carelessness: 
12,844  fires  were  set  in  this  way  in  the  one  year,  1934. 

If  we  should  add  to  these  losses  the  loss  by  forest  fires, 
the  figures  would  be  swelled  extraordinarily.  In  the  bad 
year  of  1923,  for  example,  6,000,000  acres  of  timber  valued 
at  $46,000,000  were  lost. 
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Much  wild  life  is  also  destroyed  as  these  terrible  fires  sweep 
through  the  forests.  After  a fire  the  soil  is  easily  eroded, 
and  the  rainfall  runs  off  quickly,  thus  increasing  the  danger 
of  floods  in  the  valleys  below.  Hundreds  of  years  are  then 
required  by  nature  to  repair  the  damage  done  in  a 
few  hours. 

When  one  realizes  that  the  majority  of  destructive  fires  are 
preventable,  this  tremendous  loss  of  property  and  human 
lives  is  even  more  terrible.  The  development  of  new  fireproof 
building  materials  and  increased  care  in  the  construction  of 
buildings  have  done  much  toward  preventing  the  rapid 
spread  of  fire,  but  the  real  prevention  of  fire  is  in  the  hands 
of  the  individual.  If  every  person  would  make  a continuous 
effort  to  take  the  proper  precautions  when  using  fire  materials, 
this  great  loss  would  be  nearly  eliminated. 

What  are  the  causes  of  preventable  fires?  The  common 
causes  of  preventable  fires  may  be  classified  under  three 
heads.  Table  12  shows  these  three  classes,  and  under  each 
class  suggests  several  causes  which  may  be  responsible  for 
starting  the  fire. 

TABLE  12.  Causes  of  Preventable  Fires 

1.  careless  handling  of  fire  and  fire  materials. 

Throwing  lighted  matches  on  combustible  materials. 

Allowing  trash  piles  to  accumulate. 

Dumping  ashes  that  contain  live  coals. 

Overheating  stoves. 

Burning  out  of  chimneys  containing  much  soot. 

Rolling  up  oily  rags  (spontaneous  combustion). 

Storing  coal  where  little  air  circulates  (spontaneous  combustion). 

Storing  uncured  hay  (spontaneous  combustion). 

Lighting  matches  in  a garage. 

Bringing  lighted  matches  near  gasoline  tanks. 

Using  gasoline  or  benzine  to  clean  clothes. 

Filling  kerosene  or  gasoline  lamps  while  using  a lamp  for  light. 

Placing  a lamp  or  a lantern  where  it  can  be  easily  upset. 

Starting  fires  in  stoves  with  kerosene  or  gasoline. 
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2.  ELECTRICITY. 

Driving  nails  into  electric  wires  and  causing  “short-circuits.” 

Using  wrong  kind  of  fuse  for  the  kind  of  circuit. 

Attaching  too  many  electrical  devices  at  the  same  time. 

Using  wires  too  small  for  a heavy  current. 

Rubbing  the  insulation  off  wires. 

Wiring  buildings  without  proper  insulation. 

3.  FAULTY  CONSTRUCTION  OF  HEATING  DEVICES  AND  BUILDINGS. 

Defective  oil  stoves. 

Leaking  gasoline  tanks. 

Stoves  placed  over  wood  or  carpets. 

Fireplaces  without  screens. 

Poorly  constructed  flues  and  chimneys. 

Running  pipes  near  combustible  materials. 

Improper  closing  of  openings  between  rooms  and  corridors. 

Using  combustible  materials  for  buildings. 

Suggested  Activity.  Obtain  a list  of  the  destructive  fires  in 
your  community  for  the  past  year.  This  list  may  be  obtained  from 
fire  stations  or  at  the  city  hall.  Classify  the  causes  of  the  fires 
according  to  the  three  causes  given  in  Table  12. 

How  may  destructive  fires  be  prevented?  In  considering 
the  prevention  of  fire  it  is  well  to  remember  that  a fire  cannot 
start  unless  the  three  essentials  for  burning  are  present.  All 
accidental  fires  could  be  prevented  if  we  could  (1)  keep  oxygen 
away  from  combustible  materials  which  are  heated  above 
their  kindling  temperature,  (2)  allow  only  incombustible 
materials  to  come  in  contact  with  great  heat  when  air  is 
present,  or  (3)  keep  combustible  materials  below  their  kindling 
temperatures  in  the  presence  of  air. 

Air  is  almost  always  in  contact  with  combustible  mate- 
rials, and  it  is  only  in  laboratories  and  chemical  factories 
that  the  first  precaution  can  be  observed.  We  take  the  second 
precaution  when  we  are  careful  to  build  fires  only  on  soil, 
metal,  or  brick,  and  when  we  construct  our  buildings  of 
materials  which  will  not  burn.  The  third  precaution  is  ob- 
served when  we  turn  off  the  lights  of  a car  and  put  out  cigars 
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while  the  gasoline  tank  is  being  filled,  when  we  take  no  open 
flames  into  mines  where  explosive  gases  exist,  and  when  we 
are  careful  not  to  throw  lighted  matches  into  waste-paper 
baskets. 

Some  of  the  more  treacherous  and  unexpected  fires  result 
from  spontaneous  combustion.  These  fires  occur  in  coal 
piles,  in  hay  piles,  and  in  piles  of  oily  rags.  What  happens 
may  be  made  clear  by  an  explanation  of  spontaneous  combus- 
tion in  oily  rags.  The  oil  on  the  rags  unites  slowly  with  oxygen 
and  thus  heat  is  produced.  If  the  rags  are  rolled  or  are  piled 
together,  some  of  the  heat  is  retained  within  the  mass  be- 
cause cloth  is  a poor  conductor  of  heat.  The  heat  which  is 
retained  increases  the  rate  of  oxidation.  More  and  more 
heat  is  liberated,  until  finally  the  kindling  temperatures  of 
the  oil  and  cloth  are  reached,  and  the  rags  burst  into  flame. 
There  are  obviously  two  methods  of  preventing  this.  One 
method  is  that  of  storing  oily  rags  in  metal  containers  with 
lids;  the  other  is  to  spread  the  cloth  out.  Can  you  explain 
why  the  last  method  will  prevent  spontaneous  combustion? 

Suggested  Activity.  Make  a survey  of  your  community  to 
determine  the  number  and  kind  of  fire  hazards. 

How  are  fires  “put  out”?  To  prevent  a fire  is  less  difficult 
than  to  put  it  out.  However,  the  fire  can  be  extinguished 
easily  while  it  is  small.  You  have  only  to  keep  in  mind  the 
requirements  of  a fire.  Every  method  of  extinguishing  fire 
does  one  or  all  of  these  things:  (1)  it  cuts  off  the  supply 
of  air,  or  (2)  it  cools  the  fuel  below  its  burning  temperature, 
or  (3)  it  cuts  off  the  supply  of  combustible  material. 

When  water  is  thrown  on  a fire,  it  cuts  off  the  supply  of 
air  by  covering  the  fuel  with  water  and  with  the  steam  which 
is  formed.  The  water  also  cools  the  fuel  below  the  burning 
temperature.  For  extinguishing  small  fires  but  little  water 
is  necessary,  since  the  amount  of  heat  given  off  by  the  fire 
is  not  great.  In  large  fires  there  is  so  much  heat  that  it  is 
sometimes  difficult  to  cool  the  fire.  Moreover,  the  water 
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cannot  easily  reach  all  parts  of  the  burning  materials  even 
when  thrown  by  the  fire  engines.  Water  is  the  most  im- 
portant fire  extinguisher  because  it  is 
available  in  large  quantities. 

Carbon-dioxide  extinguishers  may  be 
used  for  some  fires.  You  recall  that  car- 
bon dioxide  is  a product  of  burning  and 
therefore  cannot  itself  burn.  You  might 
expect  it  to  be  a good  fire  extinguisher,  if, 
in  some  way  a fire  could  be  covered  with 
the  gas,  which  would  cut  off  the  supply 
of  fresh  air.  Figures  268  and  270  show  a 
carbon-dioxide  extinguisher.  Note  the 
small  bottle  of  sulphuric  acid  attached  at 
the  top,  the  solution  of  baking-soda  in  the 
tank,  and  the  position  of  the  tube. 

Experiment  71.  How  is  a carbon-dioxide  fire 
extinguisher  made  and  used?  (a)  Dissolve  a 
few  spoonfuls  of  baking-soda  (sodium  bicarbon- 
ate) in  about  a half-pint  of  water.  Place  the 
solution  in  a glass  or  beaker  and  then  add  to 
it  a few  drops  of  concentrated  sulphuric  acid. 
The  gas  given  off  is  carbon  dioxide. 

(6)  Set  up  a small  demonstration  fire  extin- 
guisher like  that  shown  in  Figure  269.  The  solution 
of  soda  is  made  in  the  way  described  above.  This 
should  fill  the  bottle  about  two-thirds  full.  Place 
sulphuric  acid  in  the  small  vial  to  a depth  of  one 
inch.  Insert  the  stopper  tightly  by  a twisting  mo- 
tion. Now  invert  the  bottle  quickly,  emptying  the 
acid  into  the  soda  solution,  direct  the  stream  of 
liquid  into  a pail  on  the  floor,  and  bring  it  to  an 
upright  position.  Be  careful  that  the  stream  of 
liquid  does  not  come  in  contact  with  your  cloth- 
ing. Here  you  have  a real  carbon-dioxide  fire 
extinguisher. 

(c)  Refill  the  extinguisher  and  test  it  on  a small  paper  fire  out 
of  doors. 


Fig.  269. 
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In  some  commercial  extinguishers  the  bottle  is  placed  in 
such  a position  that,  when  the  tank  is  inverted,  the  acid  will 
flow  out.  In  others  the  cover  is  fitted  with  a screw-plunger 
which,  when  screwed  down,  breaks  the  bottle  and  allows  the 
acid  to  mix  with  the  soda  solution.  The  carbon  dioxide  col- 
lects above  the  water  in  the  tank.  Soon  the  pressure  of  the 
gas  is  great  enough  to  force  the  water  out  of  the 
tube.  If  the  gas  is  made  very  rapidly,  the  water 
spurts  from  the  tube  and  can  be  thrown  on  a fire 
at  some  distance.  The  water  lowers  the  tempera- 
ture of  the  fire  and  cuts  off  the  supply  of  oxygen. 

The  carbon  dioxide  also  helps  to  cut  off  the  oxygen 
supply,  because  it  is  about  one  and  one-half  times 
as  heavy  as  air.  In  a closed  room  where  there 
are  no  currents  of  air,  the  carbon  dioxide  may  be 
of  considerable  value.  In  open  places  the  carbon 
dioxide  might  be  carried  away  by  wind,  but  the 
water  would  put  out  a small  fire. 

Another  very  efficient  fire  extinguisher  which 
operates  in  a fashion  somewhat  similar  to  the  carbon-dioxide 
type  is  the  Foamite  extinguisher.  Two  solutions  are  also 
used  in  this  type,  and  they  are  kept  separate  until  the  extin- 
guisher is  inverted.  One  of  these  solutions  contains  an  extract 
of  licorice  root,  which  causes  the  carbon  dioxide  to  come  from 
the  extinguisher  in  the  form  of  tiny  bubbles  covered  with 
a thin  layer  of  licorice.  These  bubbles  cover  the  burning 
surface  and  prevent  the  oxygen  from  coming  in  contact 
with  it. 

Carbon-tetrachloride  extinguishers  are  very  practical  (Fig- 
ure 271).  Many  of  these  small  “handy”  extinguishers  are 
used  in  automobiles,  in  houses,  and  in  other  buildings.  The 
carbon  tetrachloride  changes  to  a vapor  at  very  low  tempera- 
ture. The  vapor  is  about  five  times  as  heavy  as  air  and  will 
neither  burn  nor  support  burning.  Because  of  these  properties 
it  is  an  excellent  fire  extinguisher.  A small  force  pump  operated 
by  a handle  at  the  top  of  the  extinguisher  throws  the  liquid 


^axeiG^ 


Fig.  270. 


362 


EVERYDAY  PROBLEMS  IN  SCIENCE 


a considerable  distance.  For  small  fires  the  extinguisher  is 
very  serviceable  (Figure  272). 

There  are  still  other  kinds  of  commercial  extinguishers 
which  you  may  sometime  need  to  use.  You  should  be  sure 

to  read  the  directions  on  any  ex- 
tinguishers about  your  home  or 
school  so  that  you  will  know  how 
to  use  them.  If  you  are  respon- 
sible for  places  where  fires  may 
start,  you  should  see  that  reli- 
able extinguishers  are  provided 
and  that  they  are  always  in 
working  condition. 

Experiment  72,  Why  is  carbon 
tetrachloride  instead  of  water  used 
to  extinguish  gasoline  fires?  (a)  Pour 
a small  quantity  of  gasoline  in  an 
iron  or  porcelain  dish  and  light  it. 
Slowly  pour  some  water  on  the 
burning  gasoline.  Does  the  water 
extinguish  the  flame?  Explain  the 
result. 

(6)  Repeat  (a),  pouring  carbon 
tetrachloride  instead  of  water  on  the 
burning  gasoline.  Is  the  fire  extin- 
guished? Why? 


Fig.  271.  a carbon-tetirachloride 
fire  extinguisher.  When  the  pis- 
ton rod  is  pulled  upward,  a par- 
tial vacuum  is  produced  in  the 
pump  tube,  and  the  liquid  rushes 
into  the  tube  through  the  ball 
valve.  On  the  downstroke  of  the 
rod  the  liquid  flows  through  the 
slide-valve  into  the  hollow  piston 
rod  and  is  forced  out  the  nozzle. 

(Pyrene  Co.) 


There  are  also  other  ways  of 
extinguishing  fires.  For  gasoline, 
kerosene,  or  oil  fires,  water  is 
not  a good  extinguisher.  Carbon 
tetrachloride  is  too  expensive 
and  is  not  always  at  hand.  Sand 


or  dirt  can  be  used.  These  mate- 
rials cover  the  fire  and  exclude  the  necessary  air.  When 
clothes  catch  on  fire,  a blanket,  a rug,  or  a coat  should  be 
wrapped  around  the  person.  If  these  are  lacking,  the  person 
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should  roll  over  slowly  on  the  floor  or  ground.  To  rush  out  of 
doors  or  to  try  to  run  away  from  such  fire  only  serves  to 
furnish  a better  supply  of  fresh  air,  and  thus  the  fire  burns 
more  rapidly. 

Suggested  Activities.  1.  Keep  a record  of  the  fires  which  are 
reported  in  newspapers  for  a period  of  a month.  What  were  the 
causes  of  these  fires? 

2.  Visit  the  local  fire  depart- 
ment and  examine  their  fire- 
fighting equipment. 

3.  Examine  your  immediate 
neighborhood  and  mqke  a map 
showing  the  location  of  fire 
plugs  and  fire-alarm  boxes. 

Self-testing  exercise  5.  (a) 

Make  a list  of  ten  common 
causes  of  destructive  fires. 

After  each  cause  state  the 
method  or  methods  which  may 
be  used  to  prevent  such  a fire 
from  starting. 

(b)  State  the  three  require- 
ments for  burning.  Show  how 
each  of  the  methods  for  extin- 
guishing fires  eliminates  one  or 
more  of  the  conditions  neces- 
sary for  burning. 

Summary  exercise  on  Unit 
IX.  Make  a list  of  all  the  prin- 
ciples, or  big  ideas,  of  science 
which  you  have  learned  from  your  study  of  this  unit.  State  each 
principle  in  the  form  of  a complete  sentence. 

Additional  Exercises 

1.  Why  are  there  holes  in  the  base  of  a burner  of  a lamp? 

2.  What  should  be  done  to  correct  a smoking  lamp? 

3.  Why  does  carbon  dioxide  sometimes  remain  in  wells  or  cis- 
terns from  which  most  gases  would  escape? 


Fig.  272.  The  right  way  to  put  out 
a fire.  The  flames  are  rising  from  the 
fire  near  the  floor.  The  liquid  is 
directed  to  the  point  where  the  burn- 
ing is  taking  place,  and  not  on  the 
flames  above.  Quick,  intelligent  use  of 
an  extinguisher  is  often  more  valuable 
than  a fire  brigade. 
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4.  Why  do  workmen  lower  a lighted  lantern  into  an  old  well 
before  they  descend  into  it? 

5.  Why  is  it  necessary  to  strike  a match? 

6.  When  a hard-coal  fire  goes  out,  why  is  it  difficult  to  start  it 
again? 

7.  If  atmosphere  were  composed  wholly  of  oxygen,  what  would 
happen? 

8.  How  can  the  smoke  of  a city  be  lessened? 

9.  Why  does  not  the  carbon  dioxide  produced  by  a flame  ex- 
tinguish it? 

10.  Why  does  smoke  go  up  the  chimney? 

11.  Why  do  factories  have  high  chimneys? 

12.  Why  do  you  blow  on  a fire  to  make  it  burn,  and  blow  on  a 
match  to  put  it  out? 

13.  Some  people  keep  a pail  or  two  of  sand  in  the  garage.  Can 
you  see  any  reason  why  they  do  this? 

14.  Why  is  it  hard  to  light  a match  when  the  wind  is  blowing? 

15.  Explain  why  a pile  of  burning  leaves  gives  ofif  much  smoke 
when  a new  supply  of  leaves  is  thrown  on  the  fire. 

16.  Explain  why  a teakettle  full  of  cold  water  will  often  become 
coated  with  a film  of  water  on  the  bottom  of  the  kettle  when  placed 
over  a lighted  gas  burner. 

17.  Why  do  flames  flicker  above  a coal  fire? 

18.  When  a large  fire  is  burning,  a wind  is  set  up  in  the  immediate 
vicinity.  Explain. 

19.  Fires  are  occasionally  started  by  a chimney  “burning  out.” 
Explain  how  this  can  happen. 

20.  Why  does  fanning  cause  a smouldering  fire  to  burst  into 
flame? 

21.  Why  will  water  not  extinguish  the  flames  of  burning  kerosene 
or  gasoline? 

22.  Why  are  gasoline  cans  painted  red? 

23.  When  a fire  is  first  lighted  in  a gas  grate,  a slight  explosion  is 
often  heard.  Explain. 

24.  A fire  will  burn  better  in  the  furnace  if  some  of  the  ashes 
are  left  on  the  grate.  Why? 

25.  Explain  how  a “fire  lane”  in  a forest  prevents  the  spread  of 
a forest  fire. 

26.  Why  doe's  dry  wood  burn  more  readily  than  wet  wood? 


UNIT  X 


HOW  DOES  MAN  CONTROL  HEAT  FOR 
HIS  USE? 

Preliminary  Exercises 

1.  How  is  heat  transferred  from  one  place  to  another? 

2.  How  does  the  heat  from  the  furnace  in  the  basement  get  to 
you  when  you  are  in  a room  on  the  second  floor? 

3.  In  what  ways  is  a furnace  better  than  a stove? 

4.  How  does  a heating  system  help  to  ventilate  a building? 

5.  How  does  man  use  heat  in  industry? 

6.  How  can  a thermos  bottle  keep  materials  either  cold  or  hot? 

7.  How  is  ice  manufactured? 

8.  How  can  heat  be  taken  away  from  a material? 

9.  What  energy  changes  accompany  the  change  of  physical 
state  of  a material? 

10.  How  does  the  ice  in  a refrigerator  cool  the  air  in  the  re- 
frigerator? 


The  Story  of  Unit  X 

In  Unit  IX  you  discovered  how  the  energy  stored  in  fuels 
may  be  changed  to  heat  energy.  That  heat  energy  may  be 
produced  in  this  fashion  has  been  known  for  thousands  of 
years.  It  has  been  only  in  recent  times,  however,  that  man 
has  learned  to  control  the  energy  of  heat  so  that  he  might 
have  it  available  at  a given  place  at  any  given  time.  The 
results  of  man’s  efforts  to  control  heat  are  evident  in  the  room 
where  you  now  are.  Almost  every  object  in  the  room  either 
has  been  produced  through  the  action  of  heat  or  has  been 
fashioned  by  tools  or  machines  which  were  made  possible  by 
the  use  of  heat. 

Progress  in  the  control  of  heat  has  taken  place  along  many 
lines.  Consider,  for  example,  how  buildings  were  heated 
formerly,  and  how  they  are  heated  today.  Years  ago,  an 
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open  fire  was  lighted  in  one  corner  of  the  room,  with  perhaps 
a hole  in  the  roof  for  the  escape  of  smoke.  Many  years  later 
fireplaces  were  constructed  at  the  sides  of  rooms,  and  chimneys 
were  added.  It  was  not  until  the  15th  century  that  iron 
stoves,  like  boxes,  were  cast  in  northern  Europe.  In  1742 
Benjamin  Franklin  combined  fireplace  and  stove,  as  in  Figure 

273,  to  produce  more 
heat  from  the  hot  metal 
than  the  fireplace  alone 
would  give.  This  was 
followed  later  by  the  in- 
vention of  the  modern 
stove.  But  note  that 
with  both  the  fireplace 
and  the  stove,  it  is 
only  the  air  imme- 
diately around  them 
that  is  heated.  Can 
you  imagine  what  a 
great  twenty-story  ho-  ! 
tel  would  be  like  if 
the  heating  of  the  building  were  dependent  upon  individual  ' 
stoves  and  fireplaces  for  each  of  the  thousands  of  rooms? 
There  would  be  little  space  left  for  rooms  after  the  thousands  i 
of  chimneys  had  been  constructed.  | 

As  buildings  increased  in  size,  it  became  necessary  to  devise 
a plan  whereby  the  entire  building  could  be  heated  from  one  ! 
central  heating  plant.  To  do  this,  it  was  necessary  to  transfer 
the  heat  produced  by  the  fuels  to  rooms  several  hundred  feet 
away.  This  problem  was  finally  solved  by  the  invention  of  » 
the  furnace  utilizing  air,  water,  or  steam  to  transmit  the  . 
energy  of  burning  fuels  throughout  the  building.  Undoubtedly  f 
you  are  familiar  in  general  with  these  different  heating  sys- 
tems, but  do  you  know  why  they  operate  as  they  do?  Do  you 
know  why  the  heated  air  from  a hot-air  furnace  circulates 
through  the  house?  Or  why  the  heated  water  from  a hot-  ( 
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water  furnace  circulates  through  the  pipes  and  radiators?  Or 
how  the  radiator  transmits  heat  to  the  air  in  the  room?  These 
questions  and  many  more  will  be  answered  in  this  unit. 

Another  problem 
closely  associated 
with  the  control  of 
heat  in  buildings 
is  that  of  secur- 
ing proper  venti- 
lation. You  know 
that  if  a window  is 
opened  on  a cold 
day,  air  will  enter 
the  room.  You  can 
feel  the  cold  air 
as  it  moves  across 
the  floor.  Suppose, 
however,  that  on  a 
windless  day,  when 
the  temperature 
inside  the  house  is 
the  same  as  that 
outdoors,  a win- 
dow is  raised.  Will 
there  be  a circula- 
tion of  air?  You 
already  know  from 
your  study  of  Unit 
III  that  the  movement  of  air  is  affected  by  the  temperature 
of  the  air  at  different  places.  Because  of  this  relation  between 
air  movement  and  the  temperature  of  the  air,  it  is  possible 
by  properly  controlling  the  heat  of  our  heating  systems  to 
combine  heating  and  ventilating.  In  other  words,  we  are  able 
to  ventilate  our  houses  through  the  control  of  heat  in  our 
heating  systems.  How  ventilation  is  secured  with  our  heat- 
ing systems  is  a problem  which  you  will  solve. 


Fig.  274.  The  hot-air  furnace  in  the  basement 
was  another  great  improvement.  It  freed  the 
house  from  much  dirt  and  enabled  heat  to  be 
carried  throughout  the  house  more  easily. 

Where  does  the  cold  air  come  from? 
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In  addition  to  the  use  of  heat  in  buildings,  man  also  uses 
heat  to  manufacture  the  thousand-and-one  conveniences 
which  we  have.  Through  his  ability  to  control  heat  energy, 
he  can  free  metals  from  their  ores,  and  shape  them  into 
tools,  machines,  and  other  devices.  It  would,  of  course,  be 
impossible  to  describe  all  such  various  uses  of  heat  in  a single 


Fig.  275.  As  man  has  learned  more  about  the  control  of  heat,  he  has  been 
able  to  employ  it  in  obtaining  the  materials  of  nature  and  in  shaping  them 
into  countless  devices  for  his  use.  Possibly  you  have  visited  iron  mills  and 
know  the  part  heat  plays  in  the  manufacture  of  iron  and  steel. 

unit,  but  we  shall  discover  the  major  purposes  which  heat 
serves  in  our  industries. 

So  far  in  our  story  we  have  considered  the  control  of  the 
heat  produced  from  burning  fuels.  Any  discussion  of  the 
control  of  heat  would  be  incomplete  without  considering  the 
ways  in  which  man  takes  heat  away  from  materials.  Refrig- 
eration of  foods  is  an  example  of  this  form  of  control.  In 
this  process  man  must  devise  a method  of  taking  heat  away 
from  food  materials  and  thus  keeping  them  cold.  You  know 
that  this  is  accomplished  by  the  refrigerator.  But  do  you 
know  how  ice  cools  food,  or  how  modern  refrigerators  work? 

The  use  of  heat  for  light  and  power  is  known  to  you. 
Every  day  you  see  light  produced  by  burning  gas,  large 
plants  where  coal  or  gas  is  burned  to  run  engines  used  to 
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generate  electricity,  or  steam  and  gas  engines  which  get 
their  energy  from  the  burning  of  coal  or  gasoline.  The  control 
of  heat  for  lighting  and  for  running  machinery  is  so  important 
in  life  today  that  these  matters  will  be  considered  in  sep- 
arate units,  Units  XIII  and  XV. 

In  this  unit  you  will  learn  some  of  the  important  ideas  that 
man  has  discovered  about  heat  energy  and  how  he  has 
applied  what  he  has  discovered  to  the  invention  of  devices 
through  which  he  can  control  the  energy  of  heat  and  make  it 
do  his  bidding. 

Problem  1:  How  Is  Heat  Controlled  for 
Heating  Our  Buildings? 

Study  Suggestion.  You  have  already  encountered  the  three 
methods  which  are  used  to  transfer  heat,  namely,  conduction,  con- 
vection, and  radiation.  It  will  be  worth  while  to  review  these  three 
methods  by  reading  the  following  references:  pages  98-99;  Experi- 
ment 19,  pages  117-118;  Experiment  38,  pages  209-210;  Experi- 
ment 51,  page  301;  and  page  302. 

How  is  heat  transferred  from  the  fuel  in  a stove  or  fireplace 
to  the  room?  It  is  easy  by  a simple  experiment  to  demonstrate 
the  methods  of  heat  transfer.  Each  part  of  the  experiment 
which  follows  illustrates  one  of  these  methods.  As  you  do 
the  experiment,  try  to  identify  each. 

Experiment  73.  How  is  heat  transferred?  (a)  Light  a candle. 
Hold  your  hand  about  six  inches  above  it.  Can  you  feel  the  heat? 
Hold  a piece  of  burning  punk  or  smoking  paper  (Experiment  60, 
page  326)  above  the  candle  flame.  Note  the  direction  of  the  particles 
of  smoke  which  are  carried  along  by  the  air  currents.  How  does 
the  heat  from  the  flame  get  to  your  hand? 

(&)  Place  your  hand  at  the  side  of  the  flame  at  a distance  of  two 
or  three  inches.  The  air  between  your  hand  and  the  candle  moves 
toward  the  flame.  How  do  you  explain  the  process  by  which  your 
hand  is  warmed? 

(c)  Hold  a long  nail  in  the  candle  flame.  Note  that  the  end  you 
are  holding  becomes  hotter  and  hotter.  How  is  the  heat  of  the 
flame  transmitted  to  you? 
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And  now  let  us  see  how  these  methods  of  heat  transfer 
operate  in  heating  a room  with  a stove.  The  fire  in  the  stove 
heats  the  air  immediately  around  the  fire.  The  hot  air  and 
the  gases  produced  by  the  chemical  change  rise  because  of 
the  inward  flow  of  the  heavier  cold  air  from  the  outside. 
This  convection  current  (page  344)  brings  the  hot  particles, 
or  molecules,  of  gas  into  contact  with 
the  walls  of  the  stove  above  the  fire. 
Thus,  much  heat  is  carried  from  the 
burning  fuel  to  the  walls  of  the  stove 
by  convection.  As  the  molecules  of  the 
hot  gases  touch  the  molecules  of  iron 
of  the  stove  walls,  they  give  some  heat 
to  the  iron  molecules.  This  process  of 
passing  heat  from  one  particle  to  an- 
other is  known  as  conduction.  At  the 
same  time  that  the  inside  walls  of  the 
stove  are  being  heated  by  convection 
and  conduction,  energy  is  being  trans- 
mitted from  the  burning  fuel  in  all 
directions  by  radiation.  The  radiant 
energy  (page  99)  which  strikes  the  walls  of  the  stove  is 
absorbed  and  changed  to  heat  by  the  iron  molecules.  The 
heat  from  the  inner  walls  of  the  stove  is  now  passed  on  to 
the  other  molecules  of  iron  and  thus  reaches  the  outer  side 
of  the  stove  walls  by  conduction.  Gradually  the  stove  gets 
hotter  and  hotter. 

After  the  walls  of  the  stove  are  heated,  they  pass  on  their 
heat  to  the  room  and  to  the  objects  in  the  room.  The  parti- 
cles of  air  in  contact  with  the  stove  are  heated  by  conduction. 
This  sets  up  a convection  current  in  the  room,  as  shown 
in  Figure  276,  because  of  the  differences  in  temperature 
of  the  air  in  various  parts  of  the  room.  These  particles  of 
heated  air  give  up  part  of  their  heat  to  the  walls  and  objects 
in  the  room  when  they  come  in  contact  with  them.  The  walls 
and  objects  are  also  heated  by  radiation  from  all  parts  of 


Fig.  276.  How  heat 
travels  from  a stove.  The 
arrows  represent  convec- 
tion currents;  the  lines 
show  radiation. 
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the  stove,  as  shown  in  Figure  276.  The  heat  from  the  fire, 
you  see,  travels  to  the  room  by  all  three  methods  of  heat 
transfer. 

The  fireplace  (Figure  277)  heats  a room  largely  by  radia- 
tion. The  fire  is  built  on  a grate,  and  the  hot  gases  imme- 
diately pass  up  through  the  chimney,  giving  but  a small 
part  of  their  heat  to 
the  room.  The  walls 
of  the  chimney  are 
heated  by  the  hot 
gases,  and  this  heat 
passes  through  the 
walls  by  conduction. 

' The  air  in  contact 
with  the  wall  of  the 
chimney  is  thus 
heated  and  sets  up  a 
small  convection  cur- 
rent. The  radiant 
energy  from  the  fire 
passes  through  the  room  to  the  walls,  warming  the  air  but  little, 
and  is  changed  to  heat  when  it  strikes  the  walls.  The  furniture 
and  other  objects  in  the  room  are  warmed  in  the  same  manner. 
The  walls  and  furniture  heated  by  radiation  give  up  part 
of  their  heat  to  the  air  and  produce  convection  currents  in  the 
room.  Thus,  after  a time  the  air  in  the  room  may  become  com- 
fortably warm.  The  fireplace  is  not  an  efficient  heating 
device,  because  most  of  the  heat  from  the  fire  is  lost  by 
escaping  directly  through  the  chimney.  However,  the  cheeri- 
ness of  an  open  fire  in  a living-room  has  made  the  fireplace 
popular  in  modern  homes. 

The  most  modern  and  efficient  fireplace  is  the  ventilating 
fireplace  (Figure  278).  Fresh  air  is  brought  into  the  room  by 
a metal  pipe  which  passes  up  behind  the  fireplace  and  over 
the  top  of  the  fire,  opening  into  the  room.  The  hot  gases 
from  the  fire  pass  around  the  pipe  as  they  escape  into  the 
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chimney,  and  warm  the  fresh  air  as  it  enters  the  room.  Why 
does  the  fresh  air  come  in  through  the  pipe?  The  ventilat- 
ing fireplace  heats  the  room  in  the  same  manner  as  the  ordi- 
nary fireplace,  and,  in  addition,  uses  the  hot  gases  which 
pass  up  the  chimney  to  heat  the  fresh  air,  thus  starting  a 
convection  current  in  the  room. 


Self-testing  exercise  1.  Explain  each  of  the  following  statements; 
(1)  A person  is  hotter  in  the  sunshine  than  in  the  shade,  although 
the  temperature  of  the  air  may  be  the 
same  in  both  places.  (2)  The  air  at 
the  top  of  a heated  room  is  warmer 
than  the  air  at  the  bottom.  (3)  If  a 
poker  is  held  in  a fire,  the  end  farthest 
from  the  fire  is  never  as  hot  as  the 
end  in  the  fire.  (4)  A given  amount 
of  fuel  burned  in  a stove  will  warm 
the  air  in  the  room  more  than  will 
an  equal  amount  of  fuel  burned  in  a 
fireplace. 

How  is  heat  from  furnaces  sup- 
plied to  our  rooms?  As  you  can 
readily  see,  the  problem  of  trans- 
ferring heat  from  a furnace  in  the 
basement  to  the  various  rooms  in 
a house  is  much  more  difficult  to 
solve  than  the  problem  of  heating 
a single  room  with  a stove.  The 
methods  of  transfer  are,  however, 
the  same  as  those  employed  with 
stoves  and  fireplaces,  since  these 
are  the  only  ways  in  which  heat  can  be  transmitted.  Let 
us  see  how  this  transfer  of  heat  is  accomplished  in  a hot-air 
heating  plant. 

If  you  examine  a hot-air  furnace,  you  see  that  it  is  simply 
a large  stove  surrounded  by  an  air  chamber  (Figure  274). 
Leading  away  from  this  chamber  are  several  pipes,  or  ducts. 


Fig.  278.  A ventilating  fire- 
place. The  inlet  pipe  is  not  as 
wide  as  the  fireplace;  so  the  hot 
gases  and  smoke  pass  up  the 
chimney  on  both  sides  of  the 
pipe.  In  this  way  they  warm 
the  incoming  fresh  air. 
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These  ducts  lead  to  the  various  rooms  (Figure  279).  In  each 
room  you  find  a grating,  or  register,  over  the  duct.  Figure 
279  shows  two  registers  in  each  room;  one  is  called  the  hot- 
air register,  and  the  other  is  called  the  cold-air  register. 
Note  that  the  duct  from  the  cold-air  register  is  connected 
with  a duct  bringing  in  fresh  air  from  outdoors.  The  hot-air 
system  transfers  heat  by  convection  and  conduction.  The  air 


Fig.  279.  A hot-air  furnace  heating  system.  The  walls  of  the  rooms  are 
indicated  by  the  heavy,  black,  floor  lines.  The  registers  may  be  placed 
either  in  the  walls,  as  shown  here,  or  flat  in  the  floor.  Examine  Figure 
274  to  see  the  construction  of  the  furnace. 

over  and  in  the  cold-air  duct  is  heavier  than  the  air  over  and 
in  the  warm-air  duct;  hence,  a convection  current  is  started. 
Particles  of  heated  air  in  the  air  chamber  surrounding  the 
fire-box  travel  to  the  rooms  and  give  up  part  of  their  heat  by 
conduction  to  the  objects  in  the  room.  They  then  return  to 
the  furnace  again  through  the  cold-air  duct,  where  they  are 
joined  by  fresh  air  from  outdoors. 

In  recent  years  the  pipeless  furnace  (Figure  280)  has  also 
come  into  common  us,e.  This  furnace  is  generally  placed  in 
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the  middle  of  the  basement.  A hole  is  cut  through  the  floor 
and  fitted  with  a register  directly  over  the  hot-air  chamber  of 
the  furnace.  This  register  serves  a double  purpose  in  that  it 
permits  cool  air  to  sink  through  the  outer  part  and  push  hot 
air  up  through  the  centre,  as  shown  in  Figure  280.  The 
heated  air  circulates  from  room  to  room  through  doors  and 

stairways.  Regis- 
ters are  sometimes 
placed  in  the  ceil- 
ing to  improve  the 
circulation  to  the 
rooms  above. 

The  hot -water 
heating  plant  dif- 
fers from  the  hot- 
air furnace  in  one 
essential  feature: 
Water  is  used  in- 
stead of  air  to 
carry  heat  from 
the  fire  to  the 
rooms ; that  is,  the 
space  between  the 
jacket  and  the 
fire-box  is  filled 
with  water  instead 
of  air.  Since  the 
hot  water  cannot 
well  be  poured  out 
into  a room  to 
heat  the  room,  this  difference  makes  necessary  an  impor- 
tant change  in  the  system:  It  must  be  closed  to  hold  the 
water.  The  hot  water  is  carried  to  the  rooms  through  pipes 
called  risers.  In  the  rooms  it  circulates  through  radiators, 
giving  heat  to  the  rooms.  Then  the  cooled  water  goes  back 
to  the  water-jacket  of  the  heater  through  pipes  called  returns. 


Fig.  280.  The  pipeless  furnace  is  suited  especially 
to  heating  small  houses.  Its  advantages  are  lower 
cost  of  installation  and  smaller  fuel  consumption. 
Examine  the  air  currents. 
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The  water  circulates  for  the  same  reason  that  the  air  circu- 
lates in  the  hot-air  system.  (See  Experiment  38,  page  209.) 

The  radiators  are  hollow  metal  devices  constructed  in  such 
a way  that  a great  deal  of  surface  is  exposed  to  the  air.  Thus, 
large  amounts  of  air  may  receive  heat  by  conduction  when  in 
contact  with  the  radiator.  The  radiator  sets  up  convection 
currents  of  air  in  the  room  and  also  radiates  energy  to  the 
walls  and  furnishings  of  the  room.  The  amount  of  heat  given 
to  the  room  can 
be  regulated  by 
opening  or  closing 
a valve  in  the  pipe 
which  brings  the 
water  to  the  radi- 
ator. If  you  will 
refer  to  Figure 
281,  you  will  see 
how  closing  the 
valve  on  one  ra- 
diator does  not 
stop  the  flow  of 
water  in  other 
radiators. 

The  hot-water 
system  must  be 
kept  full  of  wa- 
ter at  all  times 
in  order  to  secure  the  proper  circulation  of  the  water.  If 
the  system  were  filled  with  cool  water,  however,  and  then 
closed  completely,  the  expansion  of  the  water  upon  heating 
could  easily  burst  the  iron  walls  of  the  pipes.  The  plan 
commonly  used  to  prevent  such  an  accident  is  to  have  a pipe 
leading  from  the  system  to  an  expansion  tank  at  a higher 
level.  If  the  expansion  tank  becomes  full,  the  additional  water 
may  flow  out  on  to  the  roof  or  into  an  overflow  pipe  that 
leads  to  the  basement. 


EXPANSION  TANK 


Fig.  281.  A hot-water  heating  system.  The  risers 
connect  with  the  top  of  the  water-jacket  of  the 
heater,  and  the  returns  connect  at  the  bottom. 
This  expansion  tank  opens  on  to  the  roof. 
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Scientists  explain  the  expansion  of  any  liquid,  such  as 
water,  by  assuming  that  the  molecules  of  which  a liquid 
seems  to  consist  are  always  in  motion.  When  the  liquid  is 
heated,  it  is  believed  that  the  rate  of  motion  is  increased 
so  that  each  molecule  bounces  back  and  forth  at  greater 
and  greater  speed  as  the  heat  is  increased.  Thus  the  mole- 
cules take  up 
more  space 
by  striking 
their  neigh- 
bo  r s and 
pushing  them 
back  a little 
farther.  As  a 
result,  the  li- 
quid expands. 
Even  though 
molecules  are 
far  too  small 
to  be  seen 
even  with  the 
most  power- 
f ul  micro- 
scope, a great  many  facts,  such  as  the  expansion  of  both 
liquids  and  solids  when  heated,  may  be  explained  most 
satisfactorily  by  this  assumption,  or  theory. 

In  a steam  heating  plant  water  is  changed  into  steam  in  a 
boiler  placed  over  the  fire-box  (Figure  283). 

Experiment  74.  How  is  water  changed  to  steam?  Pour  some  water 
into  a tall  beaker  and  place  it  over  a wire  gauze.  Put  a thermometer 
into  the  beaker.  Place  a burner  under  the  gauze  and  light  the  gas. 
In  a short  time  small  bubbles  appear.  These  are  bubbles  of  air. 
Take  the  temperature.  Continue  to  heat  the  water,  until  very  large 
bubbles  are  formed.  These  bubbles  are  steam.  Soon  the  bubbles 
of  steam  reach  the  surface  of  the  water  and  escape  into  the  air. 
Again  take  the  temperature  of  the  water. 
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Water  usually  has  air  dissolved  in  it.  When  water  is 
heated,  the  air  is  driven  off  and  escapes  as  tiny  bubbles. 
As  the  water  is  heated  more,  it  expands,  and  finally  large 
bubbles  of  steam  are  formed.  Since  these  bubbles  are  lighter 
than  the  water,  they  rise  to  the  surface  and  escape.  The 
temperature  at  which  the  water 
changes  to  steam  is  its  boiling 
point.  In  an  open  vessel  this  is 
approximately  100°  C.,  or  212°  F. 

The  change  of  water  to  steam 
may  also  be  explained  by  the 
molecular  theory.  .As  the  water 
is  heated,  the  tiny  molecules 
move  faster  and  faster.  When 
they  strike  other  molecules,  they 
push  them  back  farther  and  far- 
ther. If  the  heating  is  continued 
until  the  molecules  knock  each 
other  very  far  apart,  the  liquid 
changes  to  a gas,  and  the  bub- 
bles of  the  gas,  which  we  call 
steam,  are  formed  in  the  water. 

These  bubbles  are  lighter  than 
the  water  and  are  pushed  up  to 
the  surface,  where  they  burst, 
releasing  their  steam.  Then  we 
say  the  water  is  boiling.  Thus  we  believe  that  the  heat  energy 
changes  water  to  steam  by  causing  the  molecules  to  become 
very  widely  separated. 

You  have  learned  what  makes  water  and  air  circulate 
through  a heating  system.  Let  us  now  determine  how  steam 
is  sent  through  the  pipes  of  the  system. 


Fig.  283.  A steam  furnace. 
Steam  collects  in  the  dome,  from 
which  pipes  lead  to  the  different 
rooms. 


Experiment  75.  What  causes  the  steam  to  circulate  through  the 
pipes?  Place  about  one  inch  of  water  in  a test  tube.  Loosely  stopper 
the  tube  with  a cork.  Heat  the  tube  with  a small  flame.  What  hap- 
pens shortly  after  the  water  begins  to  boil? 


378 


EVERYDAY  PROBLEMS  IN  SCIENCE 


In  the  steam  heating  plant  the  steam  is  forced  to  circulate 
through  the  pipes  and  radiators  by  pressure  produced  in  the 
boiler.  How  does  the  steam  exert  pressure?  As  the  water 
changes  into  steam,  it  expands  hundreds  of  times,  forcing  the 
molecules  of  steam  above  the  water  in  the  boiler  closer  and 
closer  together  so  that  the  steam  is  compressed.  This  steam 
exerts  pressure  when  compressed,  because  of  the  motion  of 
the  molecules.  The  molecules  are  moving,  and  strike  the 
walls  of  the  containing  vessel  with  great  speed.  Millions 
and  millions  of  them  bombard  the  walls.  As  the  steam  is 
compressed,  more  molecules  are  forced  into  the  same  space, 
and  the  number  striking  the  walls  increases.  This  steady 
bombardment  is  like  a stream  of  water  playing  on  the  side 
of  a building  when  so  many  particles  of  water  strike  at  a given 
time  that  a steady  pressure  is  exerted  against  the  wall.  This 
steam  pressure  forces  the  steam  to  flow  very  rapidly  through 
the  pipes  so  that  it  reaches  the  radiators  before  it  has  lost 
much  of  its  heat.  Because  it  can  flow  so  easily  and  rapidly 
and  can  produce  its  own  pressure,  steam  is  almost  always 
used  when  heat  must  be  carried  to  distant  parts  of  large 
buildings.  It  is  also  used  where  heat  must  be  transferred 
from  a central  heating  plant  to  separate  buildings. 

The  construction  of  the  steam  heating  plant  differs  but 
little  from  that  of  the  hot-water  plant.  Steam  is  carried  to 
the  radiators  through  the  risers.  In  the  radiators  the  steam 
condenses  into  water,  because  the  metal  of  the  radiators 
has  a cooling  effect.  During  this  change  of  the  physical 
state  of  water,  that  is,  from  a gas  to  a liquid,  heat  is  given 
up,  as  shown  in  the  following  experiment. 

Experiment  76.  Which  has  the  greater  heating  effect,  boiling 
water  or  steam  at  the  same  temperature  as  boiling  water?  (a)  Ob- 
tain a Florence  flask  and  set  up  an  apparatus  such  as  is  shown  in 
Figure  284.  Fill  the  flask  about  one-third  full  of  water,  insert  the 
stopper  and  the  delivery  tube,  and  place  it  over  a wire  gauze  on  a 
ring  stand.  Also  put  100  cc.  of  water  in  a beaker  and  take  its  tem- 
perature with  a centigrade  thermometer.  Boil  the  water  in  the  flask. 
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and  when  abundant  steam  is  being  formed,  place  the  delivery  tube 
in  the  beaker  of  water  and  allow  the  steam  to  pass  into  it.  Con- 
tinue this  process  for  five  or  ten  minutes.  Again  take  the  tempera- 
ture of  the  water.  How  much  did  the  temperature  rise?  Measure 
the  amount  of  water  in  the  beaker.  How  many  cubic  centimeters 
of  water  were  added  by  condensation  of  steam?  If  it  requires  one 
calorie  to  raise  the  temperature  of  one  cubic  centimetre  of  water 
one  centigrade  degree,  how 
many  calories  of  heat  were 
added  to  the  water? 

(b)  Pour  100  cc.  of  water 
into  a beaker  and  take  its 
temperature.  Now  beat  an 
amount  of  water  just  equal  to 
the  water  which  was  added 
by  the  steam  in  part  (a). 

When  it  is  boiling,  pour  it 
into  the  beaker.  Record  the 
temperature  and  compute  the 
number  of  calories  added  to 
the  water. 

(c)  Compare  the  results 
obtained  in  (a)  and  (b). 

This  is  a rather  crude  way  of  doing  this  experiment,  since 
to  be  accurate  one  would  also  have  to  calculate  the  number 
of  calories  expended  in  raising  the  temperature  of  the  beaker 
itself.  Careful  experimentation  shows  that  each  gram  of 
steam  gives  up  539  calories  of  heat  when  it  changes  from  a 
vapor  to  a liquid.  This  is  called  the  heat  of  condensation. 
The  experiment  explains  why  such  a large  quantity  of  heat 
is  given  off  by  a steam  radiator.  In  changing  from  steam 
back  to  water,  the  steam  gives  out  539  calories  of  heat  per 
gram,  even  though  it  remains  at  the  boiling  temperature. 
Like  the  radiator  of  the  hot-water  system,  the  steam  radia- 
tor sets  up  convection  currents  of  air,  and  thus  distributes 
the  heat  throughout  the  room. 

After  the  steam  condenses,  the  water  runs  back  to  the 
boiler,  as  shown  in  Figure  285.  Each  radiator  is  fitted  with 


Fig.  284.  Apparatus  for  Experiment  76. 
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an  air  vent  (Figure  286)  to  allow  the  escape  of  the  air  which 
is  driven  from  the  water  as  it  is  heated,  and  also  the  air  in 
the  pipes  and  radiators.  When  the  steam  enters  the  radia- 
tor, the  air  is  driven  toward  the  air  vent  and  escapes.  As 
soon  as  the  steam  reaches  the  valve  of  the  air  vent,  the  heat 
from  the  steam  causes  a certain  liquid  inside  the  float  to 
change  to  a gas.  The  pressure  of  this  gas  causes  the  float  to 

expand  and  push 
the  needle  valve 
up  into  the  open- 
ing. Thus  the 
steam  is  kept  in 
the  radiator.  The 
air  vent  is  neces- 
sary in  the  radia- 
tor because  the 
steam  could  not 
enter  if  the  radi- 
ator were  full  of 
air,  nor  could  the 
water  return  to 
the  boiler  from  an 
air-tight  radiator. 

One  disadvantage  of  most  steam  heating  plants  is  that  the 
amount  of  heat  coming  into  a room  is  hard  to  regulate.  The 
radiators  are  either  at  the  temperature  of  steam,  or  else 
they  are  cold.  Furthermore,  no  heat  is  obtained  until  the 
water  has  reached  the  boiling  temperature  of  212  degrees. 
To  overcome  these  objections,  vapor  heating  systems  have 
been  invented.  In  such  a system,  vapor,  a low-temperature 
steam,  is  produced  instead  of  ordinary  steam.  i| 

Experiment  77.  How  can  water  be  made  to  boil  at  low  tempera- 
tures? Fit  a strong,  spherical  flask  with  a rubber  stopper.  Be  sure 
the  stopper  is  air-tight  and  that  it  is  large  enough  so  that  no  ordi- 
nary pressure  can  force  it  into  the  neck  of  the  flask.  Fill  the  flask 
half  full  of  water.  Leaving  the  flask  unstoppered,  heat  the  water 


Fig.  285.  A steam  heating  system. 
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until  it  has  boiled  vigorously  for  five  minutes.  Remove  the  fire 
and  place  the  stopper  tightly  in  the  mouth  of  the  flask.  This  can- 
not be  done  immediately  because  of  the  steam  pressure,  but  no  air 
should  be  allowed  to  enter.  Remove  the  flask  to  a cool  support 
above  a sink  or  in  a large  pan.  Pour  cold  water  over  the  upper  part 
of  the  flask  (Figure  287).  What  happens?  Cool  the  flask  until  the 
water  in  it  is  not  too  hot  to  be  held  against  the 
hand.  Now  hold  the  flask  cautiously  over  the 
flame,  but  do  not  heat  it  very  strongly  at  any 
one  point.  Does  the  water  boil  again?  Approx- 
imately what  is  its  temperature?  What  would 
be  the  temperature  of  the  vapor  coming  from  it? 

In  most  vapor  heating  systems  the  air  is 
driven  out  of  the  system  in  the  same  way 
that  the  air  was  driven  from  the  flask  used 
in  the  experiment.  Then  it  is  kept  out. 

With  the  pressure  of  the  air  reduced  above 
the  water,  the  water  can  boil  and  the  vapor 
can  go  to  the  radiators  at  a much  lower  tem- 
perature than  it  does  in  an  ordinary  steam  system.  Thus, 
heat  is  secured  more  quickly,  because  the  fire  does  not  have 
to  be  so  hot  to  keep  the  water  boiling. 

Suggested  Activity.  Examine  the  heating  plant  in  your  house. 
Make  a section  drawing  of  your  house,  similar  to  those  shown  in 
Figures  279  and  285,  and  show  the  location  of 
the  furnace,  pipes,  ducts,  and  registers  or 
radiators. 

Self-testing  exercise  2.  Explain  the  reason 
for  each  of  the  following  statements: 

(a)  The  hot-air  system  will  usually  heat  a 
house  more  quickly  than  the  other  systems. 

(b)  A steam  heating  plant  does  not  need  an 
expansion  tank. 

(c)  It  is  easier  to  control  the  temperature  of 
rooms  heated  with  a hot-water  heating  system 
than  with  a steam  heating  system. 

(d)  A vapor  heating  system  possesses  the  advantages  of  the  hot- 
water  system  as  well  as  those  of  the  steam  heating  system. 


Fig.  286.  A steam- 
radiator  air  vent. 
(Marsh  & Co.) 
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(e)  The  vapor  system  secures  a more  even  heat  than  the  ordinary 
steam  system. 

(/)  A hot-water  or  hot-air  system  will  not  work  in  a large  build- 
ing where  many  horizontal  pipes  are  necessary. 

(g)  A hot-water  system  must  be  drained  if  one  does  not  use  it 
during  cold  weather. 

Problem  2:  How  Does  the  Control  of  Heat 
Make  Possible  the  Ventilation  of  Our 
Buildings? 

Study  Suggestion.  You  have  already  learned  how  breathing 
changes  the  air  of  a room  and  makes  a constant  supply  of  fresh  air 
necessary.  Before  you  study  this  problem,  read  again  the  material 
on  pages  225-227. 

What  conditions  of  the  air  should  be  controlled  by  venti- 
lation? If  you  have  ever  been  in  a crowded,  poorly  ventilated 
room,  you  have  probably  noticed  the  presence  of  bad  odors. 
These  odors  may  be  due  to  several  causes,  such  as  decayed 
teeth,  a disordered  stomach,  or  unclean  bodies  and  clothing. 
The  temperature  of  the  air  in  the  room  also  increases  because 
of  the  heat  from  the  bodies  of  the  people  present.  Since 
exhaled  air  contains  a large  amount  of  moisture,  the  humidity 
of  the  room  also  increases.  Scientists  now  believe  that  these 
three  changes  in  the  air — foul  odors,  high  temperature,  and 
high  humidity — are  the  real  causes  of  bad  effects  from  poor 
ventilation.  A good  system  of  ventilation  will  prevent  the 
temperature  and  the  humidity  of  the  air  from  becoming 
too  high,  will  free  the  air  of  bad  odors,  and  will  insure  its 
being  kept  in  motion. 

In  Unit  VI 1 1 you  learned  how  the  body  regulates  its  own 
temperature.  (See  page  300.)  The  temperature  of  a room 
should  always  be  such  that  the  heat-regulating  mechanism 
of  the  body  shall  have  as  little  to  do  as  possible.  If  the  tem- 
perature of  the  air  is  too  low,  the  body  must  adjust  itself  to 
this  condition  by  decreasing  the  amount  of  blood  in  the 
skin  or  by  oxidizing  more  food.  Why?  If  the  temperature  of 
the  air  is  too  high,  the  body  must  pour  more  perspiration  on 
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the  skin  and  send  more  blood  to  the  skin.  Why?  These 
changes  require  energy  which  must  be  taken  from  the  body. 
Careful  experimentation  has  shown  that  the  best  tempera- 
ture for  all-around  bodily  comfort  and  efficiency  is  from 
sixty-eight  to  seventy  degrees  Fahrenheit,  provided  the 
humidity  is  correct. 

When  the  humidity  is  very  high,  but  little  perspiration 
can  be  evaporated  from  the  skin,  and,  as  the  body  tempera- 
ture rises,  a feeling 
of  discomfort  is  pro- 
duced. On  the  other 
hand,  the  humidity  of 
the  air  may  be  too 
low.  This  is  particu- 
larly true  in  the  win- 
tertime when  the  cold 
dry  air  from  out  of 
doors  is  brought  in- 
to the  house  and 
warmed.  Why?  (See 
page  109.)  Dry  air 
absorbs  moisture  very 
rapidly.  The  linings 
of  the  nose,  throat,  and  bronchial  tubes  must  at  all  times  be 
moist.  Dry  air  will  cause  this  moisture  to  evaporate  rapidly 
from  these  linings  and  may  produce  irritation.  For  this  reason 
it  is  generally  necessary  to  add  moisture  to  the  air  during 
the  winter  months.  In  case  the  heating  system  does  not 
provide  enough  moisture,  pans  of  water  can  be  placed  on  the 
stoves  or  on  the  radiators.  Experimentation  has  shown  that  a 
relative  humidity  of  from  fifty  to  sixty  is  best  for  the  health. 

How  is  natural  ventilation  secured?  A very  common  method 
of  ventilating  rooms  is  by  windows  (Figures  288  and  289). 
When  the  temperature  of  the  air  outside  of  the  room  is  less 
than  that  inside,  a convection  current  will  be  produced  as 
the  cold  air  enters  and  forces  out  the  warmer  air.  Since 
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the  warmer  air  is  near  the  ceiling,  the  windows  are  opened 
at  the  top  as  well  as  at  the  bottom.  Why?  In  case  the 
temperature  of  the  air  inside  of  the  room  is  the  same  as  that 
outside,  no  convection  current  will  be  produced  and  no  air 
will  enter  unless  there  is  a breeze  outdoors.  To  use  this 
breeze,  several  windows  must  be  opened  so  that  the  air  may 
sweep  through  the  room.  Extremely  strong  drafts  should 
be  avoided,  especially  when  one  is  not  moving  about. 

To  secure  ventilation  and 
at  the  same  time  to  prevent 
strong  drafts  from  blowing 
directly  on  one,  it  is  advisa- 
ble to  use  a window-board 
(Figure  288)  which  will 
cause  the  incoming  air  to 
be  deflected  upward.  A 
frame  fitting  the  window 
and  covered  with  a cloth 
(Figure  289)  will  accom- 
plish the  same  result  and  at 
the  same  time  will  prevent 
the  entrance  of  dust.  The  effect  which  one  should  try  to 
produce  is  that  of  a gentle  current  which  will  keep  the  air 
constantly  in  motion  and  yet  will  not  cause  chilling. 

How  do  heating  systems  supply  ventilation?  There  are 
several  other  systems  of  ventilation  used  in  connection  with 
the  heating  system.  The  chamber  of  a hot-air  furnace  re- 
ceives fresh  air  from  a pipe  which  passes  outdoors  (Figure 
274).  Pans  of  water  may  be  placed  in  the  chamber  to  increase 
the  humidity.  Where  steam  or  hot-water  systems  are  used, 
holes  are  sometimes  cut  through  the  wall  behind  the  radiator. 
Fresh  air  may  thus  enter  and  be  warmed. 

Fan  or  blower  systems  for  ventilating  and  heating  are  used 
in  large  buildings,  especially  where  many  persons  are  as- 
sembled, as  in  factories,  theatres,  and  schools.  The  fan  is 
placed  in  the  basement  and  takes  the  air  after  it  has  passed 


Fig.  289.  Cloth-covered  frames  to  fit 
in  the  window  are  useful  in  providing 
ventilation  without  strong  drafts. 
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Fig.  290.  Fan  system  of  ventilating  and  heating  a large  building.  The  air 
enters  through  the  screen  at  the  right  and  passes  through  the  tempering 
stack,  which  consists  of  several  coils  of  pipes  containing  steam.  These  hot 
coils  raise  the  temperature  of  the  air.  The  air  is  humidified  and  washed  as 
it  passes  through  streams  of  water  in  the  air  washer.  The  blower  forces 
part  of  the  air  through  the  re-heating  stack,  which  heats  it  to  a temperature 
of  from  80°  to  120°.  Part  of  the  air  from  the  blower  passes  under  the  heating 
stack  and  remains  at  a temperature  of  65°.  The  thermostat  control  auto- 
matically mixes  the  re-heated  air  and  the  air  which  passes  below  the  stack 
to  keep  a constant  temperature  of  70°.  (Dominion  Radiator  and  Boiler  Co.) 

over  heating  coils  (Figure  290),  forcing  it  to  the  different 
parts  of  the  building.  This  method  greatly  increases  the 
volume  of  fresh  air  supplied.  The  air  may  be  washed  and 
humidified  by  forcing  it  through  a spray  of  water.  By  warm- 
ing the  air  to  the  proper  temperature  before  it  passes  through 
the  water-spray,  more  water  will  be  evaporated  into  the 
i air,  and  the  correct  humidity  may  be  obtained. 
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Suggested  Activities.  1.  Measure  the  temperature  of  various 
parts  of  the  schoolroom,  including  the  temperature  near  the  ceiling 
and  near  the  floor.  Account  for  the  differences  which  you  find. 

2.  Visit  the  heating  plant  of  your  school.  Make  a diagram  which 
will  illustrate  how  the  air  is  cleaned,  warmed,  humidified,  and  sent 
to  the  various  rooms. 

3.  Obtain  some  punk  or  make  some  touch  paper  (Experiment  60, 
page  326).  Using  the  smoke  from  these  materials  to  show  the  direc- 
tion of  the  air  currents,  make  a diagram  of  the  air  currents  in  the 
schoolroom.  Explain  why  the  direction  of  the  air  is  as  it  is. 

4.  Refer  to  a textbook  in  physics  to  find  how  the  relative  humidity 
of  a room  may  be  determined  with  a wet  and  a dry  thermometer. 

Self-testing  exercise  3.  Make  a drawing  of  a room  with  the  inlet 
for  warm  air  near  the  ceiling  and  the  outlet  for  cold  air  near  the  floor 
on  the  same  side  of  the  room.  Show  by  means  of  arrows  the  direction 
of  the  air  currents  in  the  room. 

Self-testing  exercise  4.  (a)  Explain  how  ventilation  of  buildings 
is  secured  in  the  summer. 

(b)  Explain  how  the  heating  systems  are  utilized  to  provide 
ventilation  in  the  winter. 

Problem  3;  How  Does  the  Use  of  Heat  Aid  in 
Manufacturing  ? 

Study  Suggestion.  In  this  problem  you  will  find  some  inter- 
esting examples  of  how  heat  is  used  in  manufacturing.  The  examples 
given,  however,  are  merely  illustrations  to  show  how  heat  is  used. 
The  important  thing  for  you  to  understand  is  how  heat  is  able  to 
bring  about  the  changes  in  materials.  Keep  in  mind  that  the 
examples  presented  are  but  a few  of  the  hundreds  of  specific  illus- 
trations of  the  use  of  heat  in  manufacturing. 

How  are  materials  obtained  from  solutions  by  means  of 
heat?  As  an  example  of  how  materials  are  obtained  from 
solutions  by  means  of  heat,  let  us  consider  the  manufacture 
and  refining  of  sugar.  The  stalk  of  the  sugar  cane  contains 
from  twelve  per  cent  to  twenty  per  cent  of  cane  sugar  in 
the  form  of  juice.  To  obtain  the  juice,  the  stalk  is  run  through 
a series  of  rollers  which  press  out  the  juice  in  a manner  simi- 
lar to  the  operation  of  a clothes-wringer.  The  juice  is  then 
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boiled  to  remove  some  of  the  water,  after  which  it  is  run 
into  tanks.  Here  the  solution  cools,  and  the  crystals  of 
sugar  separate  from  the  solution.  You  can  see  how  this 
process  takes  place  by  doing  the  following  experiment. 

Experiment  78.  How  may  crystals  be  separated  from  a solution? 
(a)  Dissolve  some  alum  in  boiling  water  in  a test  tube.  Add  as 
much  alum  as  the  water  will  dissolve.  Let  the  solution  stand  for 
several  days  and  note  the  result. 

(6)  Dissolve  some  copper  sulphate  in  water.  Place  the  solution 
in  an  evaporating  dish  and  heat  slowly  until  about  half  of  the  water 
has  evaporated.  Let  it  stand  until  the  next  day  and  note  the  results. 

Water  can  dissolve  only  a certain  amount  of  a given  ma- 
terial at  any  given  temperature.  When  cane  juice  is  heated, 
water  is  evaporated;  thus  the  solution  becomes  more  and 
more  concentrated.  When  a sufficient  amount  of  water  has 
been  driven  off,  the  solution  is  allowed  to  cool,  and  the  crys- 
tals of  sugar  separate  out  as  did  the  crystals  in  Experim’ent  78. 

The  sugar  crystals  must  be  further  purified  before  they 
are  put  on  the  market.  To  do  this,  they  are  dissolved  in 
hot  water,  and  the  solution  is  filtered  through  large  cylinders 
filled  with  hone  black  to  remove  the  brown  coloring  matter. 
The  resulting  solution  must  again  be  evaporated  to  obtain 
crystals  of  fine  sugar.  If  sugar  syrup  is  boiled,  however,  a 
chemical  change  takes  place  which  changes  cane  sugar  to  a 
different  form  which  is  not  as  sweet.  This  difficulty  is  met  by 
running  the  syrup  into  a large  pan  which  can  be  made  air 
tight.  The  air  is  then  pumped  out,  causing  a partial  vacuum. 
This  makes  it  possible  to  boil  the  solution  at  a much  lower 
temperature.  (See  Experiment  77,  page  380.)  When  most 
of  the  water  has  evaporated,  the  sugar  crystallizes  from  the 
solution. 

Many  other  examples  could  be  cited  to  show  how  man  uses 
water  to  dissolve  materials  and  then  uses  heat  to  evaporate 
the  water  in  order  to  obtain  materials  or  to  manufacture 
materials.  Only  one  more  can  be  considered,  namely,  table 
salt.  Deposits  of  salt  are  found  several  hundred  feet  below 
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the  surface  of  the  ground.  Wells  are  dug  to  these  deposits, 
and  water  is  forced  down  into  the  salt.  The  water  dissolves 
the  salt,  and  a solution  of  salt  and  water  is  forced  to  the 
surface.  To  obtain  the  salt  from  the  water,  it  is  thus  only 


Fig.  291.  A brickkiln  of  the  beehive  type,  practically  the  only 
kind  used  in  Canada.  Around  the  sides  of  the  kiln  you  see  small 
openings  where  fires  are  built.  The  hot  gases  from  the  fire  pass  into 
the  kiln  through  the  spaces  between  the  bricks,  and  out  through  the 
chimney  at  the  top.  (Brick  and  Clay  Record.) 

necessary  to  evaporate  the  water,  either  by  artificial  heating 
or  by  exposure  to  the  sun. 

How  is  heat  used  in  the  manufacture  of  clay  products? 

Heat  is  also  used  in  industry  to  dry  materials,  as,  for  example, 
in  the  making  of  brick  or  pottery  from  clay. 

Experiment  79.  How  can  bricks  be  made?  Obtain  some  clay  and 
moisten  it  enough  to  make  a plastic  mass.  Shape  this  into  small 
brick  forms.  Place  some  in  the  bright  sun  and  others  in  a hot  bake- 
oven  for  several  hours.  Examine  the  bricks  when  cold.  You  see 
that  they  are  not  very  hard.  The  heat  of  the  sun  or  the  bake-oven 
is  not  great  enough  to  make  them  hard.  Now  place  them  on  a small 
pan  over  a burner  or  in  the  fire-box  of  a stove  or  furnace  and  leave 
them  for  several  hours.  Remove  them  and  see  how  they  have 
changed  in  appearance  and  texture. 
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Actually,  in  the  manufacture  of  bricks  the  clay  must  be 
fired  for  several  days.  The  red  color  of  our  common  bricks  is 
caused  by  certain  chemical  changes  which  take  place  in  the  iron 
compounds  present  in  the  clay.  These  chemical  changes  take 
place  because  of  the  heat. 

Suggested  Activity. 

Write  the  manufacturer  of  the 
chinaware  you  use  at  home, 
requesting  any  material  which 
describes  or  shows  how  dishes 
are  made.  Summarize  the 
principal  steps. 

How  is  heat  used  in 
freeing  metals  from  their 
ores?  While  a few  of  the 
metals  are  found  free,  or 
uncombined  with  other  ma- 
terials in  the  earth,  for 
example,  gold,  platinum, 
and  copper,  the  principal 
sources  of  metals  are  rock- 
like materials,  called  ores, 
composed  of  compounds  of 
the  metals.  Let  us  con- 
sider how  iron,  the  most 
important  of  all  metals,  is 
obtained  from  its  ores. 

Iron  usually  exists  in  na- 
ture combined  with  oxygen, 
that  is,  in  the  form  of  an  oxide.  Smelting  is  the  process  which 
frees  the  iron  from  the  oxygen  with  which  it  is  combined. 
Smelting  is  carried  out  in  a blast  furnace  (Figure  292), 
which  is  a large  steel  tube  lined  with  fire-brick.  The  ore  is 
mixed  with  coke  and  limestone  in  proper  amounts,  as  deter- 
mined by  the  kind  and  quality  of  the  ore  used.  This  mix- 
ture is  dropped  into  the  furnace  as  shown  in  Figure  292. 


Fig.  292.  Sectional  view  of  a blast  fur- 
nace. The  gases  which  come  from  the 
top  of  the  furnace  go  to  the  heaters, 
where  they  heat  the  air  before  it  enters 
the  furnace.  The  black  drops  at  the 
lower  part  of  this  picture  represent 
melted  iron  freed  from  the  ore. 
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Hot  air  enters  the  furnace  near  the  bottom  and  keeps  the 
coke  burning  in  the  lower  part  of  the  furnace.  As  the  coke 
burns,  the  limestone  is  heated  to  the  point  where  it  changes 
to  lime  and  carbon  dioxide.  The  lime  left  from  the  decom- 
posed limestone  combines  with  the  melted  rock-like  impurities 
in  the  ore  to  form  a liquid  called  slag.  At  the  same  time  the 
iron  is  freed  from  the  ore.  It  is  melted  by  the  great  heat  and, 
being  heavier  than  the  slag,  sinks  to  the  bottom  of  the  fur- 
nace. Through  the  openings  at  the  side  (Figure  292)  the  slag 
and  iron  are  drawn  off  from  time  to  time.  The  slag  is  used  to 
manufacture  cement  and  fertilizers.  The  iron  is  drawn  off  into 
molds,  where  it  hardens  and  forms  pig  iron. 

Pig  iron  contains  many  impurities  which  must  be  re- 
moved before  it  can  be  used  for  making  steel.  In  the  process 
of  steel  manufacture  heat  is  again  used  to  melt  the  pig 
iron.  Other  metals  are  frequently  mixed  with  steel  to  form 
alloys.  These  other  metals  give  the  steel  properties  desirable 
for  certain  uses,  as  extreme  hardness,  flexibility,  or  tough- 
ness. Perhaps  you  have  heard  of  nickel  steel,  chromium 
steel,  etc.  These  mixtures  are  made  possible  by  the  intense 
heat  of  the  steel  furnaces.  If  you  are  interested  in  learning 
how  the  pig  iron  is  changed  to  steel,  you  will  find  the  process 
explained  in  some  of  the  references  at  the  back  of  this  book. 

How  is  heat  used  in  making  glass?  Common  glass  is  made 
by  mixing  together  sand,  soda,  and  limestone  in  about  the 
following  proportions:  sand,  six  parts;  soda,  two  parts;  and 
limestone,  one  part.  These  materials  are  placed  in  large 
tanks  lined  with  fire-brick  and  heated  by  flames  of  burning 
gas.  The  hot  gases  from  the  burners  pass  over  the  mixture  of 
raw  materials  in  the  furnace  and  melt  the  ingredients  to- 
gether into  a soft  mass.  During  this  process  certain  chemical 
changes  take  place.  When  the  mixture  has  thoroughly  com- 
bined to  form  glass,  it  is  ready  to  be  shaped. 

How  is  heat  used  in  shaping  and  molding  materials?  An 
examination  of  the  various  objects  in  our  homes,  such  as 
bottles,  glasses,  pitchers,  kettles,  pans,  and  light  fixtures. 
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shows  that  these  objects  were  fashioned  in  molds  or  shaped 
in  other  ways.  As  they  now  appear,  the  glass  articles  are 
brittle  and  cannot  be  bent  into  various  shapes,  and  the 
shapes  of  metal  articles,  as  a 
rule,  can  only  be  changed  by 
exerting  great  force.  It  is  evi- 
dent that  these  articles  were 
shaped  when  the  material  of 
which  they  were  formed  was 
more  or  less  plastic.  Let  us  see 
how  this  is  accomplished  in 
the  manufacture  of  glass  ar- 
ticles. 

The  different  shapes  of  glass 
articles  are  produced  by  blow- 
ing, molding,  and  rolling.  To 
make  small  tubes,  the  work- 
man, called  a glass-blower, 
dips  one  end  of  an  iron  tube, 
a few  feet  long,  into  the  molten, 
or  liquid,  glass  through  a hole 
in  the  side  of  the  furnace.  He 


twists  the  tube  and  withdraws 


it,  bringing  out  a small  ball  of 
glass  on  the  end  of  the  tube 
(Figure  293).  By  blowing  in 
the  other  end  he  can  form  a 
small  opening  inside  the  ball. 

Then,  by  clamping  one  end  of 
the  glass  ball  in  place  by 
means  of  machinery  and  pulling  on  the  iron  tube,  the  hollow 
ball  of  glass  can  be  drawn  out  into  a long  cylinder.  The 
process  of  glass  blowing,  such  as  shown  in  Figure  293,  is 
now  largely  done  by  machinery. 

For  making  window  glass  a large  ball  of  glass  on  the  end  of 
a blowing-tube  is  blown  into  a long  cylinder  a foot  or  more 


Fig.  293.  The  man  in  the  fore- 
ground is  blowing  a ball  of  glass 
to  be  drawn  into  a large  cylinder. 
Back  of  this  man  you  can  see  the 
hole  into  the  white-hot  furnace, 
from  which  another  worker  is 
drawing  a ball  of  molten  glass. 

(Keystone  View  Co.) 
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in  diameter.  The  cylinder  is  then  split  lengthwise  with  a 
diamond  glass-cutter  and  laid  in  an  oven.  Here  it  softens  and 
becomes  flat.  It  must  then  be  heated  again  and  allowed  to 
cool  very  slowly  in  another  oven.  This  process  is  called 
annealing.  Annealed  glass  does  not  easily  break  or  crack. 
For  rolling  plate  glass  the  molten  liquid  is  drawn  from  the 
furnace  into  a large  metal  pot  and  then  poured  on  a large  flat 
iron  table.  Here  rollers  squeeze  it  to  the  proper  thickness. 
For  making  tumblers  and  bowls,  and  similar  open  vessels,  the 
molten  glass  is  poured  into  a mold  of  correct  size  for  the 
outside  of  the  vessel.  A plunger  which  has  the  size  and  shape 
of  the  inside  of  the  vessel  is  then  pressed  into  the  mold.  In 
this  way  the  soft  glass  is  squeezed  into  the  desired  shape. 
This  process  is  called  pressing. 

Another  example  of  how  heat  is  used  to  prepare  mate- 
rials so  that  they  may  be  shaped  or  molded  is  found  in  the 
manufacture  of  articles  made  of  metals.  Metals  will  change 
to  liquids  if  a high  enough  temperature  is  reached.  While  in 
this  molten  condition,  they  may  be  shaped  into  any  desired 
form.  Metals  also  become  softer  when  heated,  and  their 
shape  may  be  easily  changed  by  applying  great  pressure  or 
by  hammering. 

Suggested  Activity.  The  use  of  heat  is  required  in  each  of  the 
following  processes:  manufacture  of  paper  from  wood  pulp,  making 
bread,  making  jelly,  soldering,  welding  metals,  making  alloys  of 
metals,  making  objects  of  cast  iron,  making  articles  of  rubber  or 
rubber-coated  materials. 

Look  up  the  manufacture  of  these  materials  in  reference  books, 
and  decide  how  heat  is  used;  that  is,  is  heat  used  to  dissolve  the 
material,  to  separate  the  material  from  water,  to  prepare  the  mate- 
rial so  that  it  may  be  shaped,  to  hasten  chemical  reactions,  or  for  a 
combination  of  these  uses? 

Self-testing  exercise  5.  Explain  how  heat  assists  man  in  the 
manufacture  of  materials.  Refer  to  the  second  paragraph  of  the 
Suggested  Activity  above.  If  you  can,  illustrate  each  of  these  uses 
with  an  example  of  your  own.  In  other  words,  illustrate  each  use 
in  the  same  manner  as  is  done  in  the  text. 
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Problem  4:  How  May  the  Temperature 
OF  Materials  Be  Controlled? 

Study  Suggestion.  In  this  problem  you  will  discover  how  man 
makes  use  of  his  knowledge  concerning  the  methods  of  transferring 
heat  to  construct  devices  to  prevent  the  transfer  of  heat.  You  will 
also  learn  how  it  is  possible  to  take 
heat  away  from  a material  by  chang- 
ing its  physical  state. 

You  have  already  learned  that 
materials  may  be  warmed  by  trans- 
ferring heat  to  them  by  radiation, 
conduction,  or  convection.  In  every 
instance,  of  course,  the  transfer 
takes  place  from  the  hotter  body 
to  the  cooler  body.  You  have  also 
seen  that  the  source  of  this  energy 
may  be  in  some  chemical  change, 
such  as  takes  place  when  fuels  burn. 

In  addition  to  this  source  of  energy,  there  are  also  other  meth- 
ods of  producing  heat  energy  in  materials,  such  as  takes  place 
when  an  electric  current  is  passed  through  certain  kinds  of 
wire  in  our  electric  toaster  or  heaters.  The  temperature  of 
materials,  however,  can  only  be  increased  by  transfer  of  heat 
energy  from  the  source  to  a material  or  by  the  transformation 
of  some  form  of  energy  into  heat  energy. 

How  are  materials  cooled  by  ice?  To  cool  a material,  we 
must  take  heat  from  it.  Perhaps  the  commonest  method  of 
doing  this  is  to  bring  the  material  in  close  contact  with  a 
cooler  material.  For  example,  hot  candy  may  be  cooled  by 
placing  the  pan  in  a larger  pan  filled  with  cold  water.  The 
candy  loses  heat  to  the  pan  by  conduction,  and  the  pan  loses 
heat  to  the  water  by  the  same  process. 

The  use  of  the  ice  refrigerator  for  cooling  foods  and  keep- 
ing them  cool  is  known  to  everyone.  The  ice  may  be  placed 
in  the  top  or  on  one  side  (Figure  294),  where  it  cools  the  air 
which  comes  in  contact  with  it.  This  cold  air  sinks  to  the 


type  of  refrigerator. 
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bottom  of  the  refrigerator,  pushing  up  the  air  in  the  food 
box  (pages  117-118).  The  air  forced  upward  is  then  cooled 
by  the  ice,  and  a continuous  convection  current  is  set  up. 
A large  amount  of  heat  is  taken  from  the  ice  when  it  melts. 
The  change  from  a solid  to  a liquid  requires  heat,  as  you  will 
see  from  the  following  experiment. 

Experiment  80.  How  can  it  be  proved  that  heat  is  required  to 
melt  ice?  (a)  Obtain  a large  piece  of  ice  and  place  it  in  a beaker. 
Weigh  the  ice  and  beaker.  Place  the  beaker  upon  a strip  of  wire 
gauze  on  a ringstand.  Heat  the  beaker  with  a Bunsen  burner  or 
an  alcohol  lamp.  Apply  the  heat  very  slowly  at  first  to  avoid  break- 
ing the  beaker.  Note  the  time  required  to  melt  the  ice  and  the  tem- 
perature of  the  water  when  all  of  the  ice  is  melted. 

(6)  Cool  some  water  to  as  near  the  freezing  point  as  possible. 
Weigh  out  an  amount  equal  to  the  weight  of  the  ice  used  in  part 
(a).  Heat  the  water  for  the  same  amount  of  time.  Take  the  tempera- 
ture. Compare  the  results  of  part  (a)  and  part  (6).  What  are  your 
conclusions? 

If  this  experiment  were  carried  out  quantitatively,  that 
is,  if  the  weight  of  the  ice  and  the  amount  of  calories  required 
to  melt  it  were  measured,  it  would  be  found  that  each  gram 
of  ice  requires  eighty  calories  of  heat  to  melt  it.  This  is  known 
as  the  heat  of  fusion.  When  you  consider  that  but  one  calorie 
of  heat  is  required  to  change  the  temperature  of  one  gram 
of  water  one  degree  centigrade,  you  realize  how  great  is  the 
amount  of  heat  required  to  melt  the  ice.  In  the  refrigerator 
this  heat  is  taken  from  the  air,  which  obtains  its  heat  from 
the  food  with  which  it  comes  in  contact. 

To  be  efficient,  the  refrigerator  must  prevent  the  passage 
of  heat  energy  from  the  outside  air  to  the  materials  on  the 
inside.  This  is  accomplished  by  making  a double  box.  The 
space  between  the  outer  box  and  inner  box  is  filled  with 
materials  such  as  cork,  charcoal,  mineral  wool,  or  wood  excel- 
sior. These  materials  are  non-conductors  of  heat;  hence, 
they  prevent  the  heat  outside  from  entering  the  box. 

The  low  temperatures  necessary  for  shipping  and  storing 
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frozen  foods  are  now  quite  often  maintained  through  the  use 
of  dry  ice.  Dry  ice  is  solid  carbon  dioxide  made  by  compress- 
ing the  gas  and  cooling  it  to  a temperature  of  about  110 
degrees  below  zero,  Fahrenheit.  Since  it  has  such  a very 
low  temperature,  very  little  of  it  is  needed  to  keep  a large 
quantity  of  food  cool.  As  it  absorbs  heat  from  the  food  and 
from  its  surroundings,  the  solid 
carbon  dioxide  changes  directly 
into  gaseous  carbon  dioxide 
and  thus  remains  dry  instead 
of  melting  and  changing  into 
liquid  as  does  ordinary  ice. 

How  is  mechanical  refrigera- 
tion secured?  In  cold-storage 
rooms  and  in  mechanical  re- 
frigerators the  air  in  the  room 
1 or  refrigerator  is  cooled  by  a 
^ different  method  from  that  em- 
ployed in  ice  refrigerators.  An 
1.  electric  refrigerator  consists  of 
an  electric  motor,  a pump  or 
compressor,  a cooling  system, 
and  a series  of  pipes  in  which 
a liquid  is  changed  to  a gas. 

The  motor  drives  the  pump, 
which  compresses  the  gas  con- 
tained in  the  pipes  to  a liquid. 

In  this  process  heat  is  given 
up  by  the  gas  (see  Experiment 
76).  Fans  are  usually  used  to 
blow  air  upon  these  pipes  and  carry  this  heat  away.  The 
liquid  is  then  forced  down  into  the  cooling  chamber  of  the 
refrigerator,  where  the  food  is  kept.  Here  it  passes  through  a 
valve  into  a series  of  pipes  where  the  pressure  is  very  low. 
When  the  pressure  is  removed  from  the  liquid,  it  changes 
I back  into  a gas  again. 


Fig.  295.  The  picture  shows 
the  essential  parts  of  one  type 
of  electric  refrigerator. 
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When  a liquid  changes  to  a gets,  heat  is  required.  For 
example,  one  gram  of  water  requires  539  calories  to  change 
it  to  steam.  The  heat  required  to  change  a liquid  into  a gas 
is  called  the  heat  of  vaporization.  (You  will  observe  that 
the  heat  of  vaporization  and  the  heat  of  condensation  are 
numerically  equal  (page  379).  When  a gas  liquefies,  it  gives 
up  as  much  heat  as  it  took  to  vaporize  it.)  The  heat  re- 


Fig.  296.  Diagram  of  a commercial  ice- making  plant.  By  means  of 
the  vaporizing  valve  the  pressure  is  decreased  in  the  pipe  in  the  cooling 
chamber,  and  the  liquid  ammonia  is  sprayed  into  this  pipe.  Here  it 
changes  to  a gas,  and  in  doing  so  takes  heat  from  the  brine  solution 
which  surrounds  the  cans  of  fresh  water. 

quired  for  vaporization  is  thus  taken  from  the  cooling  cham- 
ber. The  gas  then  returns  to  the  compressor,  and  the  same 
process  is  repeated.  The  air  in  the  refrigerator  is  cooled  by 
coming  in  contact  with  the  cold  cooling  chamber  and  cir- 
culates as  in  the  common  ice-box.  Carbon  dioxide,  sulphur 
dioxide,  and  ammonia  are  the  gases  most  commonly  used  in 
mechanical  refrigerators. 

In  another  kind  of  mechanical  refrigerator  heat  from  a 
gas  flame  is  used  to  compress  ammonia  gas  to  a liquid.  To 
keep  it  at  a low  temperature  cold  water  is  allowed  to  flow 
over  the  pipes.  Then  the  ammonia  flows  into  the  pipes  of 
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the  cooling  chamber,  where  it  vaporizes  and  takes  up  heat 
from  the  chamber  just  as  in  the  electrically  operated  re- 
frigerator. 

The  method  used  in  the  manufacture  of  artificial  ice  is 
very  similar  to  that  used  to  cool  an  electric  refrigerator. 
Ammonia  gas  is  liquefied  in  the  compressor  (Figure  296).  The 
liquid  ammonia  is  then  forced  into  pipes  where  the  pressure  is 
very  low.  These  pipes  are  surrounded  by 
brine  in  which  cans  of  water  are  placed.  When 
the  liquid  ammonia  vaporizes,  heat  is  taken 
from  the  brine  so  that  its  temperature  is 
reduced  below  freezing.  (Brine,  that  is,  salt 
water,  freezes  at  a lower  temperature  than  32° 

F.)  The  water  in  the  cans  thus  freezes  as  heat 
is  taken  from  it  by  the  cold  brine. 

How  may  materials  be  kept  warm  or  cold 
in  a vacuum  bottle?  To  many  people  a “Ther- 
mos” bottle  is  a deep  mystery.  If  a cold  liquid  is 
placed  in  the  bottle,  it  will  remain  cold  for  a 
considerable  period  of  time;  if  a hot  liquid  is 
placed  in  the  bottle,  it  will  remain  hot.  Now 
how  can  a “Thermos”  bottle  keep  things  either 
hot  or  cool?  There  is,  of  course,  no  mystery 
in  the  “Thermos”  bottle.  Its  operation  is  based  on  the  process 
of  heat  transfer.  To  keep  a liquid  cold,  it  is  necessary  to 
prevent  the  passage  of  heat  from  the  air  outside  the  bottle 
to  the  material  inside  the  bottle.  To  keep  the  liquid  hot,  it 
is  only  necessary  to  prevent  the  passage,  of  heat  from  the 
liquid  to  the  outside  air.  In  other  words,  the  “Thermos”  bottle 
is  so  constructed  that  heat  cannot  be  transferred  in  either 
direction.  Let  us  see  how  a “Thermos”  bottle  is  constructed. 

The  vacuum  bottle,  or  “Thermos”  bottle,  as  it  is  usually 
called,  is  a double-walled  flask.  The  space  between  the  inner 
wall  and  the  outer  wall  of  the  flask  is  exhausted  of  its  air  con- 
tent, so  that  it  is  a vacuum,  or  nearly  so.  Both  inner  and  outer 
walls  are  usually  “silvered”  to  give  a polished  reflecting 


Fig.  297. 
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surface.  As  you  know,  very  little  radiant  energy  is  absorbed 
by  polished  surfaces  because  the  radiant  energy  is  reflected. 
The  outer  wall  of  the  container  can,  however,  be  heated  by 
contact  with  particles  of  air.  Transfer  of  this  energy  to  the 
inner  bottle  is  prevented  by  the  vacuum  between  the  inner 
and  the  outer  bottles.  Since  there  is  no  air,  heat  cannot  travel 
across  this  space  by  conduction,  and  convection  currents 
cannot  be  set  up.  To  prevent  radiation  from  the  outer  bottle 
across  the  space,  some  insulating  material  is  often  placed 
between  the  two  walls.  Of  course,  it  is  impossible  to  prevent 
some  heat  energy  from  being  transferred  between  the  inner 
and  the  outer  bottles.  In  time,  the  contents  of  the  vacuum 
bottle  are  thus  cooled  or  heated  to  the  temperature  of  the 
surrounding  air. 

Suggested  Activities.  1.  Examine  a fireless  cooker.  How  is  it 
constructed  so  as  to  keep  the  heat  from  escaping?  What  are  the 
desirable  features  of  a fireless  cooker? 

2.  Obtain  several  vacuum  bottles.  Devise  a method  for  testing 
their  efficiency. 

3.  Theaters  and  homes  are  often  equipped  with  devices  which 
cool  the  air  in  the  summer.  Find  out  how  this  is  accomplished. 

4.  If  you  have  a mechanical  refrigerator  in  your  home,  obtain 
descriptive  folders  issued  by  the  company  that  manufactures  it. 
Compare  its  similarities  and  differences  with  those  of  refrigerators 
that  may  be  in  the  homes  of  other  members  of  the  class. 

Self-testing  exercise  6.  Explain  what  is  meant  by  the  terms  “ heat 
of  vaporization,”  “heat  of  condensation,”  and  “heat  of  fusion.” 
Explain  how  the  energy  changes  which  accompany  changes  in  the 
physical  states  of  materials  are  used  by  man. 

Summary  exercise  on  Unit  X.  In  sentence  form  state  all  the 
principles,  or  big  ideas,  of  science  that  you  have  learned  from  your 
study  of  this  unit. 

Additional  Exercises 

1.  Why  do  you  get  warm  if  you  are  sitting  in  front  of  a window 
when  the  sun  is  shining  brightly,  while  the  windowpane  is  not 
heated? 

2.  Why  does  your  back  feel  cold  when  you  stand  facing  a 
fireplace? 
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3.  Why  does  not  the  smoke  come  up  the  registers  in  a hot-air 
system? 

4.  Sometimes  it  happens  on  very  cold  mornings  that  a room 
will  not  heat  even  if  the  register  is  open.  Explain  why  this  is  true 
and  how  you  would  remedy  it. 

5.  Why  will  a steam  radiator  warm  up  faster  if  the  valve  in 
the  air  vent  is  unscrewed  slightly? 

6.  How  does  a greenhouse  “trap”  the  heat  of  the  sun? 

7.  Which  is  the  hotter:  water  which  has  been  boiling  an  hour, 
or  water  which  has  been  boiling  ten  minutes?  Give  a reason  for 
your  answer. 

8.  Why  are  furnace  pipes  often  covered  with  asbestos? 

9.  If  you  open  a- door  between  a warm  room  and  a cold  one, 
which  way  will  a candle  flame  be  blown  if  the  candle  is  held  near 
the  top  of  the  doorway?  Give  a reason. 

10.  Why,  when  the  temperature  of  the  two  is  the  same,  does 
linoleum  feel  colder  to  the  touch  than  a rug? 

11.  If  a piece  of  paper  is  wound  tightly  around  an  iron  rod  and 
is  then  held  for  an  instant  in  a Bunsen-burner  flame,  it  will  not  be 
scorched.  If  it  is  wrapped  around  a wooden  rod  and  held  in  the 
flame  for  an  equal  length  of  time,  it  will  be  scorched.  Explain. 

12.  Why  should  the  space  between  the  walls  of  a fireless  cooker 
be  filled  with  sawdust  instead  of  being  filled  with  air  alone? 

13.  Why  are  stoves  made  of  iron? 

14.  How  do  you  account  for  the  shape  and  construction  of  a 
radiator? 

15.  Why  are  the  hot-air  and  hot-water  heating  systems  some- 
times called  the  “gravity”  method  of  heating? 

16.  How  can  the  temperature  of  a room  be  regulated  in  each 
of  the  different  methods  of  heating  a room? 

17.  Make  a survey  of  your  community  to  find  the  different  types 
of  heating  systems  which  are  used. 

18.  Find  on  furnaces  the  names  and  addresses  of  the  manu- 
facturers, and  write  for  booklets  descriptive  of  the  operation  and 
construction  of  the  furnaces.  Be  ready  to  report  your  findings  to  the 
class. 

19.  A room  will  cool  off  more  quickly  if  a window  is  opened  at  the 
top  than  at  the  bottom.  Explain. 
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20.  In  country  homes  it  is  often  the  custom  to  place  a sheet-iron 
jacket  around  the  stove.  Explain  how  this  might  help  heat  a room. 

21.  Why  do  we  sometimes  hear  a noise  that  sounds  as  if  someone 
is  pounding  on  the  steam  pipes? 

22.  Is  a leather-covered  “Thermos”  bottle  more  or  less  efficient 
than  a shiny-surfaced  bottle?  Explain, 

23.  Is  it  a good  practice  to  wrap  the  ice  in  an  ice-box  with  several 
layers  of  newspaper?  Explain. 

24.  Which  will  cause  the  more  severe  burn,  steam  or  boiling 
water?  Explain. 

25.  How  do  double-windows  assist  in  keeping  a house  warm 
during  cold  weather? 


UNIT  XI 


HOW  DOES  MAN  CONSTRUCT  HIS  BUILDINGS? 

Preliminary  Exercises 

1.  List  six  ways  in  which  your  life  would  be  different  if  there  were 
no  buildings  of  any  kind. 

2.  How  do  our  buildings  differ  from  those  of  primitive  people? 

3.  List  the  building  materials  most  commonly  used  in  your 
locality  and  give  reasons  for  the  use  of  each.  Thus; 


Building  Material 

Reasons  for  Use 

(1)  Limestone 

Has  desirable  appearance. 

Has  great  strength. 

Is  very  durable. 

4.  Why  is  it  very  important  that  the  foundation  of  a building  be 
properly  constructed? 

5.  Why  are  the  wooden  joists,  or  beams,  beneath  the  floors  of  frame 
buildings  set  on  edge? 

6.  Why  is  a skyscraper  supported  by  steel  framework  instead  of 
by  stone  or  brick  walls? 

7.  What  features  of  construction  tend  to  make  a house  warm 
in  winter  as  well  as  cool  in  summer? 

8.  Name  four  ways  in  which  a building  may  be  made  beautiful. 

9.  Why  is  money  spent  on  the  painting  of  buildings  really  an 
economy? 


The  Story  of  Unit  XI 

Air,  water,  and  food  are  known  as  the  three  necessities  of 
I life.  Without  them  we  would  find  it  impossible  to  live  on 
I the  earth.  There  are,  however,  other  things  which  are  essen- 
! tial  to  civilized  life  as  we  know  it.  We  have  already  seen 
that  fuels  and  fire  and  clothing  are  among  these  essentials. 
: Shelter  is  another  necessity  for  comfortable  living,  and  to 
! 401 
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man  shelter  means  buildings.  Man  has  found  buildings 
essential  to  his  welfare  and  comfort  because  they  protect  him 
and  his  possessions  from  unfavorable  weather  and  from  the 
attacks  of  his  enemies. 

The  very  earliest  man  sought  shelter  in  the  caves,  trees, 
and  hollow  logs  which  nature  provided.  However,  there  were 
not  enough  of  such  shelters  for  everyone;  they  were  incon- 

and  they  were  seldom 
just  where  they  were 
wanted.  By  putting  his 
brain  and  his  hands  to 
work,  man  began  to 
make  crude  shelters  of 
his  own.  By  gradual 
improvement  the  most 
primitive  kind  of  hut 
has  grown  into  the  com- 
fortable homes,  mag- 
nificent skyscrapers,  and 
other  fine  buildings 
which  we  use  today. 

Man’s  earliest  build- 
ings were  made  from 
such  simple  materials  as 
the  branches  and  leaves  of  trees,  grass,  stones,  and  clay. 
Even  today  savage  tribes  make  their  buildings  of  these 
simple  materials  and  abandon  them  when  they  have  occasion 
to  move  to  other  places. 

More  skilful  and  industrious  people,  who  did  not  live  in 
any  one  place  for  a long  time,  learned  to  build  tents  and 
tepees  of  skins  or  cloth  stretched  over  wooden  frames. 
Then,  when  they  found  it  necessary  to  move  on  to  new 
hunting  grounds  or  to  new  pastures  for  their  flocks,  they 
took  at  least  the  greater  part  of  each  house  with  them 
to  the  new  location.  Tribes  which  did  not  wander  found 
that  more  permanent  buildings  gave  greater  comfort  and 


venient  and  often  uncomfortable. 


Fig.  298.  House  construction  in  Africa 
is  a comparatively  simple  process.  Here 
the  natives  are  sliding  a completed 
thatched  roof  into  position  after  the  mud 
walls  of  the  hut  have  been  dried  by  the 
sun.  (Herbert  photo.) 
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safety.  More  and  more  time  and  thought  have  been  given 
to  the  construction  of  buildings  until  the  present,  when  most 
people  live  in  permanent  buildings  and  use  temporary  shel- 
ters and  tents  only  for  special  occasions,  such  as  hunting  and 
camping  trips. 

At  first  man  made  his  buildings  from  natural  materials 
just  as  he  found  them.  Gradually,  however,  he  discovered 
ways  of  shaping  the  logs  and  stones  he  used  and  of  making 


Fig.  299.  A limestone  quarry.  Notice  the  strata.  The  steam  channelling- 
machines  cut  the  solid  rock  into  huge  blocks.  The  block  which  is  being 
lifted  by  the  derrick  weighs  over  ten  tons. 


more  satisfactory  materials  for  special  purposes.  Improved 
methods  of  transportation  also  made  it  possible  to  bring 
together  materials  from  more  distant  places.  Today  the 
preparation  of  building  materials  is  one  of  the  world’s  greatest 
industries.  Millions  of  people  are  daily  at  work  in  forests, 

I fields,  mines,  quarries,  and  factories  to  provide  the  lumber, 

I stone,  cement,  lime,  brick,  tile,  glass,  steel,  and  other  manu- 
i factured  materials  used  in  modern  buildings.  Other  millions 
i of  architects,  draftsmen,  contractors,  masons,  carpenters, 
steel  workers,  plumbers,  electricians,  and  laborers  plan  and 
erect  buildings,  using  material  collected  from  the  entire 
continent  and  not  infrequently  from  foreign  lands  as  well. 
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One  of  the  most  interesting  activities  in  any  community 
is  the  erection  of  a building,  whether  it  be  a bungalow  or  a 
skyscraper.  Hundreds  of  people  stop  for  a moment  or  for 
hours  to  watch  the  varied  activities  which  are  necessary. 
Many  are  the  questions  they  ask.  Why  do  the  foundations 
need  to  go  so  deep  in  the  ground?  How  does  concrete  get  so 
hard?  Why  are  iron  rods  put  in  the  concrete?  Why  are  the 
steel  beams  made  in  such  odd  shapes?  Why  are  red-hot 
rivets  used  instead  of  bolts?  How  high  can  skyscrapers  be 
built?  Why  is  a layer  of  brick  built  on  the  outside  of  the 
wooden  parts  of  some  houses?  What  is  the  difference  be- 
tween mortar  and  concrete?  Why  does  some  iron  rust  and 
some  stay  bright?  You  have  probably  wanted  to  know  the 
answers  to  some  of  these  questions  and  to  many  others.  As 
you  study  the  unit,  you  should  try  to  raise  even  more  ques- 
tions about  buildings  and  find  the  answers  to  as  many  of 
them  as  possible. 

Problem  1:  How  Are  Building  Materials  Chosen? 

Study  Suggestion.  In  the  study  of  Problem  1 it  is  not  expected 
that  you  memorize  the  characteristics,  or  properties,  of  a large  num- 
ber of  building  materials  with  which  you  are  not  really  acquainted. 
It  is  expected  that  you  will  learn  to  describe  in  accurate  terms  the 
properties  of  materials  which  you  already  know  and  that  you  will 
become  familiar  with  some  materials  which  are  now  unfamiliar.  It  is 
even  more  important  that  you  should  learn  to  see  how  well  each 
material  in  a building  fits  the  use  which  is  made  of  it. 

The  selection  of  the  materials  for  a building  is  one  of  the 
most  important  problems  of  a builder.  At  first  thought  one 
might  feel  that  when  the  principal  material,  as  wood,  stone,  or 
brick,  has  been  chosen,  the  problem  of  selecting  material  has  been 
solved ; but  that  is  not  the  case.  Although  the  larger  part  of 
a building  may  be  of  one  material,  there  are  so  many  different 
situations  and  so  many  different  substances  available  that  a 
modern  building  is  composed  of  a large  number  of  materials, 
each  one  carefully  chosen  for  the  use  which  is  made  of  it. 
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What  determines  the  selection  of  a building  material? 

Building  materials  are  chosen  principally  upon  the  basis  of 
their  physical  and  chemical  properties.  The  physical  proper- 
ties are  those  which  do  not  depend  on  the  changing  of  one 
material  into  another.  They  are  the  characteristics  which 
we  commonly  use  to  identify  a material  when  we  examine  it. 
Some  of  the  more  important  physical  properties  of  a building 
material  are  the  following:  color,  texture  of  surface,  hard- 
ness, tenacity  or  tensile  strength  (can  it  be  pulled  apart?), 
ability  to  resist  crushing,  transparency  (can  you  see  through 
it?),  malleability  (can  it  be  hammered  into  thin  sheets?),  and 
ability  to  conduct  heat  or  electricity. 

The  chemical  properties  are  those  characteristics  which  a 
material  shows  when  it  undergoes  chemical  changes.  Thus, 
wood  decays  when  exposed  to  air  and  moisture;  iron  rusts 
unless  protected  from  air  and  moisture;  wood  burns;  cement 
and  stone  are  non-combustible;  brass  is  acted  upon  by  salt 
water  and  becomes  porous  and  weak;  some  stones  crumble 
as  a result  of  the  chemical  action  of  the  air  (see  Unit  II, 
pages  53-54).  The  durability  of  a material  thus  depends 
largely  upon  its  chemical  properties. 

There  is  one  other  factor,  besides  its  properties,  which 
determines  how  widely  a material  is  used : Unless  it  is  avail- 
able in  large  quantity  and  at  a relatively  low  cost,  it  must 
give  way  to  a cheaper  and  more  plentiful  material.  Stone 
and  brick  houses  are  more  durable  and  stronger  than  frame 
houses,  yet  houses  are  commonly  built  of  wood  because  of 
its  lower  cost.  For  roofs,  gutters,  and  down-spouts,  copper 
is  more  durable  than  galvanized  iron ; yet  it  is  less  frequently 
used  because  of  its  greater  cost. 

What  are  the  properties  of  the  principal  building  materials? 
Although  we  may  not  be  able  to  determine  all  the  character- 
istics of  each  kind  of  material  and  measure  them  accurately, 
as  do  the  technical  laboratories  of  the  government  and  of 
our  great  universities,  we  can  find  out  a great  deal  by  exam- 
ining them  for  ourselves. 
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Experiment  81.  What  are  the  properties  of  wood?  Obtain  several 
pieces  of  wood  of  different  kinds  and  different  shapes.  Be  sure  to 
have  some  pieces  which  are  long  and  slender.  Find  also  some  wood 
which  has  lain  on  or  in  damp  ground  for  several  years.  Test  the 
properties  of  wood  by  lifting  it,  by  trying  to  bend,  break,  hammer, 
whittle,  and  drive  nails  into  it.  Determine  how  the  properties  of 

the  wood  which  has  lain  on  the 
ground  have  been  changed.  Make  a 
list  of  all  the  characteristics  of  wood 
that  you  have  discovered  as  you 
have  worked  out  this  experiment. 

The  properties  of  wood  have 
resulted  in  its  being  more  widely 
used  than  any  other  building 
material.  Most  wood  is  strong, 
resisting  quite  well  both  the 
forces  which  tend  to  pull  it  apart 
and  those  which  tend  to  crush 
it,  yet  it  is  soft  enough  to  be 
shaped  readily  by  steel  tools  and 
to  allow  nails  to  be  driven  into 
it.  For  floors  and  steps  wood  is 
superior  to  stone  and  metal  be- 
cause of  its  spring,  or  resiliency, 
which  makes  constant  standing 
or  walking  less  tiring.  It  is 
lighter  than  most  other  build- 
ing materials. 

The  appearance  of  natural  wood  surfaces  is  such  as  to  make 
it  highly  desirable  for  floors,  doors,  and  the  interior  decora- 
tions of  buildings,  especially  dwellings.  In  fact,  its  use  for 
these  purposes  is  so  general  that  we  speak  of  the  “wood- 
work” of  a house  no  matter  whether  the  walls  are  of  brick, 
stone,  concrete,  or  wood. 

The  beautiful  grain  of  wood  is  the  result  of  its  manner  of 
growth  and  of  the  way  in  which  the  logs  are  cut  by  the  saw. 


Fig.  300.  The  vertical  layers 
are  the  annual  rings.  How 
many  pairs  of  them  can  you 
count  in  this  picture?  The 
white  horizontal  streaks  are  the 
medullary  rays.  Note  how  they 
appear  on  the  side  of  the  quarter- 
sawed  board  in  the  diagram  of 
Figure  302. 
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All  trees  grow  more  rapidly  in  the  spring  than  they  do  in  the 
late  summer  or  fall.  When  the  growth  is  rapid,  the  cells  of 
the  wood  are  large  and  loosely  arranged.  During  the  sum- 
mer the  cells  grow  slowly,  are  small,  and  arrange  themselves 
very  compactly,  forming  a dense  layer.  No  growth  takes 
place  in  the  winter.  By  examining  the  end  of  a log,  one  can 
see  these  al- 
ternate lay- 
ers of  heavy, 
compacted 
cells  and  of 
lighter,  loose 
cells.  Each 
pair  of  lay- 
ers of  these 
kinds  shows 
the  year’s 
growth  from 
the  centre  of 
the  log  out- 
ward. These 


Fig.  301,  Boards  from  an  ash  log.  Board  (a)  was  cut  by 
sawing  through  the  centre  of  the  log;  board  {b)  was 
sawed  from  the  log  as  shown  by  the  plain-sawed  board  in 
Figure  302. 


rings  are 
called  an- 
nual rings  (Figure  300),  and  from  the  number  of  them  you 
can  tell  the  approximate  age  of  a tree. 

Since  the  annual  rings  are  not  of  equal  depth  in  all  parts 
of  a tree,  cutting  across  these  unequal  layers  results  in  the 
different  grains,  or  patterns,  which  you  see  in  many  boards. 
If  a log  is  cut  through  the  centre,  the  grain  has  the  appear- 
ance of  the  board  in  Figure  301(a),  which  is  very  different 
from  the  board  shown  in  Figure  301(6),  where  the  cut  passed 
outside  the  centre  of  the  log.  Figure  302  shows  the  grain  of 
two  oak  boards,  one  tangential-  or  plain-sawed  and  the 
other  quarter-sawed.  The  wood  of  the  medullary  rays,  which 
extend  from  the  centre  of  the  tree  outward,  has  a different 
structure  from  that  of  other  parts  of  the  log  (Figure  300), 
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In  hardwoods,  like  oak,  these  medullary  rays  add  to  the 
beauty  of  the  lumber,  especially  in  quarter-sawed  boards.  Of 
course,  you  realize  that  different  kinds  of  wood,  such  as  oak, 
maple,  cypress,  pine,  walnut,  and  mahogany,  differ  in  their 
physical  properties  and  hence  differ  in  their  appearance. 


Fig,  302.  Note  the  grain  of  the  plain-sawed  board.  This  is  caused  by 
sawing  across  the  dark  and  light  sections  of  the  annual  rings.  Compare 
this  with  Figure  301  (a).  Observe  in  the  inset  how  the  log  is  cut  into 
quarter-sawed  boards. 

The  disadvantages  of  wood  for  some  uses  are  so  great  that 
other  materials  are  frequently  substituted  for  it.  Wood 
decays  rapidly  when  moist  and  exposed  to  air.  Another 
great  objection  to  its  use  is  its  combustible  nature.  Because 
of  this  property,  fireproof  materials,  like  the  metals,  stone, 
concrete,  brick,  tile,  and  terra  cotta,  are  often  used  instead 
of  wood.  The  greater  strength  and  durability  of  these 
materials  indicate  other  disadvantages  in  the  use  of  wood. 
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Suggested  Activities.  1.  Examine  the  pieces  of  wood  in  dif- 
ferent articles  of  furniture  and  see  if  you  can  tell  whether  they  are 
quarter-sawed  or  tangential-sawed. 

2.  Go  to  a lumber-yard  and  ask  for  small  pieces  of  various  kinds 
of  wood  sawed  in  different  ways.  Label  each  piece.  Examine  the 
different  pieces  until  you  can  recognize  each  kind  of  wood  and 
how  it  was  sawed  without  seeing  the  label. 

3.  Look  up  “Lumber,”  “Lumbering,”  or  “Lumber  Industry”  in 
an  encyclopedia.  From  the  information  you  gain  prepare  a report 
for  your  class  on  “The  History  of  a Wooden  Door.” 

The  stones  that  man  uses  as  building  materials  are  of  two 
kinds:  (1)  natural,  such  as  limestone,  sandstone,  and  marble, 
and  (2)  artificial,  such  as  brick,  tile,  and  concrete  blocks.  The 
uses  of  natural  and  artificial  stone  are  alike  in  many  respects 
because  they  have  like  properties.  Let  us  study  the  natural 
stones  first. 

Experiment  82.  What  are  the  properties  of  natural  stone?  (a) 

Obtain  pieces  of  granite,  sandstone,  limestone,  marble,  and  slate. 
Test  them  in  the  same  way  that  you  tested  wood  in  Experiment  81. 
In  what  ways  do  you  find  stone  different  from  wood?  List  the 
general  properties  of  stone. 

(b)  Examine  pieces  of  granite.  In  the  coarse  granites  you  can  see 
three  distinct  kinds  of  materials.  The  white  glass-like  crystals  are 
quartz.  The  dull  white-to-salmon-colored  masses  are  feldspar. 
Scattered  between  the  quartz  and  the  feldspar  are  glistening  black 
particles  of  mica  (isinglass).  Sometimes  these  materials  are  very 
small  and  so  thoroughly  mixed  that  each  cannot  be  seen  distinctly 
without  a microscope.  The  colors  of  the  quartz  and  feldspar  vary 
in  different  granites  because  of  the  presence  of  impurities. 

(c)  Examine  pieces  of  sandstone.  Can  you  see  the  sand  particles? 
Can  you  break  away  small  grains  of  sand?  Observe  the  layer-like 
formation  of  the  stone  and  the  color  of  several  samples.  This  color 
is  due  to  impurities  like  those  in  the  quartz  or  feldspar  of  granite. 
Do  you  think  that  sandstone  can  be  cut  and  chiselled  as  easily  as 
granite?  Why? 

{d)  Examine  pieces  of  limestone.  Note  that  it  has  practically  the 
same  appearance  throughout,  although  the  colors  of  different  sam- 
ples may  vary  from  white  to  black.  Is  the  limestone  easily  broken 
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or  scratched?  Does  the  limestone  have  a layer-like  structure?  Allow 
a few  drops  of  hydrochloric  acid  to  fall  on  a piece  of  the  stone.  What 
happens?  The  bubbles  are  carbon  dioxide.  (Try  the  acid  test  on 
sandstone  and  granite.  What  is  the  result?) 

(e)  Examine  pieces  of  marble.  Note  the  crystalline  appearance. 
Drop  acid  on  the  marble.  Do  bubbles  appear?  Is  the  marble  as 
easy  to  scratch  as  limestone?  Do  you  think  it  can  be  cut  as  easily? 
Has  it  a layer-like  structure? 

(/)  Examine  pieces  of  slate  (Figure  303).  Note  the  smooth  sur- 
face. Try  the  acid  test.  Try  to  break  the  slate,  and  observe  that  it 
splits  into  layers. 

The  incombustibility,  resistance  to  decay,  and  strength  of 
natural  stone  have  led  to  its  being  quite  widely  used,  espe- 
cially in  large  buildings.  From 
5 to  10  million  dollars  worth  of 
stone  is  used  in  construction 
each  year  in  the  Dominion. 

The  various  kinds  of  stone 
are  used  in  different  ways  be- 
cause of  their  somewhat  dif- 
ferent properties.  The  great 
strength  and  durability  of  gran- 
ite, the  ease  with  which  it  can  be  highly  polished,  and  the 
variety  of  colors  in  different  kinds  make  it  especially  useful 
for  large  buildings  and  for  monuments.  Granite  is  so  strong 
that  a block  of  it  can  bear  a force  of  from  10,000  to  34,000 
pounds  on  each  square  inch  without  breaking.  However,  the 
quartz  in  granite  is  very  hard,  and  this  makes  it  difficult 
to  cut  or  chisel  the  stone  into  the  different  shapes  needed  for 
construction  purposes. 

Sandstone  is  rather  easily  quarried  and  cut.  Most  varieties 
are  not  strong  enough  for  heavy  building  purposes  and  do  not 
last  long  under  constant  wear.  You  have  undoubtedly  seen 
steps  made  of  sandstone  which  were  in  part  worn  away 
by  use.  Limestone  is  probably  the  most  commonly  used  of 
all  natural  stones.  It  varies  in  color  from  nearly  pure  white 
to  gray  and  black.  The  gray-colored  stone  is  used  extensively 


Fig.  303.  Note  the  layer-like 
structure  of  the  slate  and  the 
cracks  along  which  it  splits. 
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for  trimming  brick  buildings.  The  Parliament  Buildings  at 
Ottawa  are  built  largely  of  Manitoba  limestone. 

Marble  is  the  most  beautiful  of  all  building  stones.  The 
white,  gray,  brown,  reddish,  and  blue-colored  varieties  are 
particularly  ornamental,  although  the  white  is  easily  stained. 
The  structure,  or  texture,  of  marble  allows  it  to  be  highly 
polished,  but  makes 
it  hard  to  cut  and 
chisel.  It  is  exten- 
sively used  for  both 
the  exterior  and  in- 
terior of  fine  build- 
ings. Slate  is  used 
principally  for  roof- 
ing  and  black- 
boards. The  layer- 
I like  structure  of  this 

1 stone  allows  it  to 

be  split  into  slabs. 

I These  slabs  may 
then  be  surfaced 
I until  they  are  quite 
smooth.  Slate  is 
fairly  hard,  but  it 
does  not  withstand 
great  wear. 

Suggested  Activities.  1.  Make  a collection  of  pieces  of  build- 
ing stones,  and  see  if  you  can  recognize  the  different  kinds  of  stone 
discussed  above. 

2.  Look  in  an  encyclopedia  under  the  topic,  “Stone”  or  “Build- 
ing Stone,”  to  find  what  parts  of  the  Dominion  and  what  foreign 
' countries  produce  the  different  kinds  of  stone.  Prepare  a class  re- 
port based  on  what  you  learn. 

Such  construction  materials  as  brick,  tile,  terra  cotta,  con- 
crete, mortar,  stucco,  and  plaster  may  be  grouped  together 
as  artificial  stones. 
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Experiment  83.  What  are  the  properties  of  artificial  stones? 

Obtain  pieces  of  the  different  artificial  stones  named  on  page  411 
and  test  them  as  you  did  wood  and  natural  stone  in  Experiments 
81  and  82,  What  desirable  properties  do  you  find?  What  unde- 
sirable ones?  List  the  properties  under  “ Desirable” or  ” Undesirable.” 


The  different  kinds  of  artificial  stone  are  made  by  man 
from  minerals  and,  in  general,  possess  the  more  impor- 
tant properties  of  natural 
stone.  They  have  the  ad- 
vantage of  being  readily 
molded  into  all  sorts  of 
shapes.  The  materials  for 
making  the  artificial  stones 
are  also  quite  plentiful  and 
easily  obtained,  so  that 
they  are  cheaper  than  nat- 
ural stone.  The  chief  dis- 
advantage is  in  the  amount 
of  equipment  and  labor 
required  to  manufacture 
them. 

Several  types  of  artificial 
stone,  such  as  brick,  tile, 
and  terra  cotta,  are  made 
from  clay.  The  particles  of 
which  clay  is  composed  are 
very  small,  and,  when  wet, 
they  stick  together  in  a paste  which  can  be  readily  molded. 
After  it  has  been  worked  into  a moist  paste  and  baked  at  a 
high  temperature,  the  clay  changes  into  a hard,  durable,  and 
unyielding  material,  as  you  learned  in  Experiment  79,  page 
388.  It  is  this  property  which  enables  clay  to  be  molded 
Into  bricks  and  tiles.  These  can  then  be  put  together  into 
buildings  by  the  use  of  a material  called  mortar,  which 
hardens  without  heating  and  holds  the  brick  or  tile  firmly 
in  place.  By  selecting  different  kinds  of  clay  or  mixtures  of 


Fig.  305.  Some  of  the  most  striking 
modern  structures  are  covered  entirely 
with  terra  cotta,  because  it  wears  well 
and  is  ornamental.  (Century  photo.) 
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clay  with  other  materials,  and  by  coating  the  molded  blocks 
with  a variety  of  substances,  many  different  kinds  and  colors 
of  blocks  are  produced. 

Suggested  Activities.  1.  Prepare  a classroom  collection  of 
building  materials  made  from  clay. 

2.  Find  in  reference  books  descriptions  of  the  methods  used  in 
manufacturing  brick,  tile,  and  terra  cotta.  Prepare  a class  report  on 
“The  Manufacture  of  Building  Material  from  Clay.” 

Concrete  is  an  artificial  stone 
which  can  be  molded  while  it 
is  wet  and  “mushy”  and  then 
left  to  harden  or  set  without 
further  attention.  Because  of 
this  characteristic,  concrete  can 
be  used  in  molding  great  masses 
or  even  entire  buildings  of  arti- 
ficial rock. 

A material  called  Portland 
cement  is  required  in  making 
concrete.  This  cement  is  usu- 
ally made  by  heating  together 
a mixture  of  the  proper  amounts  of  clay  and  limestone, 
although  there  are  some  natural  rocks  which  contain  the 
right  proportions  of  these  two  substances.  When  the  arti- 
ficial or  natural  mixture  is  heated  to  a high  temperature  for 
a long  time,  the  clay  and  the  lime  combine  to  form  a hard 
compound.  This  compound  is  then  ground  into  an  extremely 
fine  powder,  which  is  the  cement  we  use. 

When  cement  is  to  be  made  into  concrete,  it  is  first  mixed 
with  sand  and  gravel,  or  crushed  stone,  and  then  with  the 
right  quantity  of  water.  After  the  mixture  has  been  placed 
in  the  molds,  or  forms,  and  packed  firmly  in  place,  the  ce- 
ment combines  with  the  water  to  make  a new  chemical 
substance.  The  crystals  of  this  new  substance  hold  the  sand 
and  small  pieces  of  natural  stone  together  in  the  new  artificial 
stone.  Where  the  concrete  must  bear  great  strain,  it  is 


Fig.  306.  Concrete  blocks  are 
of  varied  designs  and  are  used 
in  all  types  of  buildings  from 
one-car  garages  to  skyscrapers. 

(Century  photo.) 
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re-enforced  with  iron  or  steel  rods,  wire,  or  steel  beams  (Fig- 
ure 307).  Re-enforcing  is  especially  necessary  where  there 
are  strong  forces  which  tend  to  pull  the  concrete  apart. 

Suggested  Activity.  If 
concrete  is  being  employed 
for  building  purposes  in  your 
neighborhood,  observe  the 
various  processes  which  the 
workmen  use  and  explain 
why  they  carry  out  each  step. 

Artificial  stone  in  the 
form  of  mortar  and  plas- 
ter is  made  by  using  lime. 
Lime  is  made,  in  turn,  by 
heating  limestone  to  cause 
a chemical  change  in  which 
carbon  dioxide  is  given 
off.  The  remaining  sub- 
stance, called  quicklime, 
crumbles  into  a powder 
easily.  When  lime  is  to 
be  used  for  mortar  or 
plaster,  the  workmen  add 
water  to  it.  The  chemical 
union  of  the  water  with  the 
lime,  called  slaking,  heats 
the  water,  often  to  the  boiling  point.  Sand  is  then  mixed  with 
the  water  and  slaked  lime  in  the  proper  proportion  to  make  a 
stiff  paste.  If  it  is  to  be  used  as  plaster,  hair  or  wood  pulp  is 
added  to  make  it  hold  together  better.  After  the  pasty  mortar 
or  plaster  has  been  put  in  place,  the  slaked  lime  combines 
with  carbon  dioxide  from  the  air  and  slowly  changes  back 
into  crystals  of  calcium  carbonate,  or  limestone,  which 
cause  the  material  to  hold  its  shape  and  cling  fast  to  any 
stone  or  brick  with  which  it  is  in  contact. 


Fig.  307.  Wooden  forms  for  the  con- 
crete have  been  built  around  a large 
part  of  the  steel  framework  of  this 
building.  Wet  concrete  is  being 
poured  into  the  forms  by  means  of  the 
pipe  from  the  derrick  which  is  used  to 
hoist  the  concrete  from  the  mixer  on 
the  ground. 
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The  white,  or  finishing,  coat  of  plaster  is  made  from  a fine 
white  powder  called  plaster  of  Paris.  To  make  plaster  of 
Paris,  a mineral  called  gypsum  is  heated  strongly  for  a long 
time.  This  drives  off  some  of  the  water  in  the  mineral.  When 
water  is  added,  the  powder  hardens  by  forming  a chemical 
combination  with  the  water  in  much  the  same  way  that 
cement  does,  although  more  quickly. 

Glass  occupies  a unique  place  among  building  materials 
because  it  is  transparent.  Its  disadvantage  is  its  brittle- 
ness, but  no  satisfactory  substitute  has  been  invented.  Glass 
is  now  sometimes  re-enforced  by  being  molded  about  strands 
of  steel  wire  or  by  being  cemented  to  a layer  of  celluloid.  The 
re-enforcing  materials  keep  the  glass  from  shattering  into 
flying  pieces  when  it  is  struck. 

Suggested  Activities.  1.  Find  in  an  encyclopedia  a descrip- 
tion of  the  process  of  manufacturing  glass  and  glass  articles. 

2.  Study  the  properties  of  molten  glass  by  blowing  and  drawing 
glass  tubing  heated  in  the  flame  of  a Bunsen  burner. 

The  metals  and  mixtures  of  metals,  called  alloys,  have 
properties  which  make  them  highly  valuable  in  the  erection 
of  buildings.  The  metal  iron  and  its  alloy,  steel,  are  espe- 
cially useful. 

Experiment  84.  What  are  the  general  properties  *of  metals? 

Obtain  pieces  of  a number  of  different  kinds  of  metals  and  of  such 
alloys  as  brass  and  steel  in  the  form  of  sheets,  wire,  and  castings. 
Examine  and  test  these  materials  as  you  did  wood  and  building 
stones.  List  the  advantages  and  disadvantages  of  metal  as  a build- 
ing material. 

Most  metals  and  alloys  are  malleable  so  that  they  may  be 
hammered  or  rolled  into  bars,  sheets,  nails,  and  rivets.  Most 
of  them  are  also  ductile;  that  is,  they  can  be  drawn  into  wire. 
Unless  hardened  by  special  processes,  metal  sheets  and 
wire  may  be  bent  into  various  shapes  while  cold.  For  that 
reason  they  prove  very  useful  to  builders.  Steel,  which  is 
an  alloy  of  iron  with  other  substances,  such  as  carbon. 
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chromium,  nickel,  and  tungsten,  has  a greater  tensile  strength 
than  any  other  material  used  in  building.  A rod  of  good 
steel  whose  end  has  an  area  of  one  square  inch  is  able  to 
support  one  hundred  tons  or  more.  Steel  also  has  a very 


Fig.  308.  Glass  and  metal  have  been  combined  to  build  this  unusual 
appearing  building.  Note  how  great  an  amount  of  the  wall  space  is 
. devoted  to  windows.  (Century  photo.) 

high  resistance  to  forces  which  tend  to  crush  it.  Because  of 
these  properties  and  because  iron  ore  is  comparatively  plenti- 
ful and  easy  to  separate  from  the  materials  mixed  with  it, 
iron  and  steel  are  now  among  our  most  important  building 
materials. 

The  weight  of  metals  is  one  great  disadvantage  in  their  use 
for  building,  but  the  strength  of  steel  more  than  offsets  its 
great  weight  per  cubic  foot.  Metals  are  good  conductors 
of  heat,  and  in  most  buildings  it  is  not  desirable  to  have 
heat  pass  through  the  walls.  Still  another  difficulty  is  that 
steel  loses  its  strength  when  it  is  heated  to  a high  temperature 
as  it  is  in  a fire.  Exposure  of  a steel  framework  to  fire  would 
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therefore  result  in  the  collapse  of  the  entire  building.  To 
avoid  such  a danger,  it  is  necessary  to  encase  the  steel  frames 
of  modern  buildings  in  concrete,  tile,  or  other  fire-resisting 
material.  Iron  and  most  kinds  of  steel  are  also  subject  to 
rusting.  In  places  where  the  conditions  tend  to  produce  a great 
deal  of  rust  on  iron  and  ordinary  steel,  other  more  expensive 
metals  and  alloys,  such  as  tin,  copper,  brass,  lead,  and  stain- 
less steel,  are  often  used. 

Suggested  Activity.  Read  in  reference  books  descriptions  of 
the  methods  used  in  the  manufacture  of  iron  and  steel.  Prepare  a 
report  for  your  class. 

Self-testing  exercise  1.  Select  six  different  building  materials 
used  for  definite  parts  of  buildings  which  you  know  and  give  the 
reasons  for  the  use  of  each  material  in  the  particular  situation  in 


which  it  is  employed;  thus: 

Building  Material  and  Use 

Reasons 

(1)  Wood  in  a window  sash 

Sufficiently  strong 

Easily  shaped 

Easily  fastened  together 

Somewhat  soft  and  flexible  so  that 
it  does  not  break  the  glass 
Reasonable  in  cost 

Problem  2:  How  Are  Buildings  Made  Strong? 

Study  Suggestion.  In  order  to  keep  in  mind  the  points  empha- 
sized in  Problem  2,  you  will  find  it  helpful  to  make  a brief  outline 
of  the  discussion.  Do  not  attempt  to  include  all  the  details,  but  only 
the  important  ideas.  For  instance,  your  outline  need  not  contain 
examples  of  the  weight  of  buildings,  for  you  can  easily  think  of 
illustrations  of  your  own.  It  should,  however,  mention  gravity  as 
one  of  the  forces  which  buildings  must  withstand,  since  that  is  one  of 
the  more  important  ideas  brought  out  in  the  discussion. 

What  forces  must  buildings  withstand?  Modern  buildings 
are  carefully  designed  to  resist  the  forces  to  which  they  are 
subjected.  The  first  of  these  forces  and  the  one  which  is 
constantly  acting  is  the  force  of  gravity.  One  large  building 
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required  the  following  amounts  of  material  in  its  construc- 
tion: 16,000  tons  of  steel,  13,000  tons  of  stone,  10,000  tons  of 
cement,  17,000  tons  of  brick,  33,000  tons  of  tile,  12,000  tons 
of  marble.  Besides  the  weight  of  the  building  material,  such 

a structure  must  also  support 
great  masses  of  machinery,  fur- 
niture, stored  materials,  and 
hundreds  of  people.  Of  course, 
most  of  our  buildings  are  not  as 
large  as  this  one,  but  in  every 
case  a building  must  be  so  con- 
structed as  to  resist  the  pull  of 
gravity  on  itself  and  its  con- 
tents. 

Every  building  must  also  be 
able  to  withstand  the  wind 
which  is  likely  to  occur  in  its 
vicinity.  The  force  of  even  an 
ordinary  wind  on  the  side  of  the 
great  Empire  State  Building  in 
New  York  is  more  than  4,000,- 
000  pounds.  The  great  sky- 
scrapers are  designed  to  resist 
the  force  which  would  be  created 
by  a wind  blowing  at  the  rate 
of  130  miles  per  hour.  In  pro- 
portion to  their  size,  smaller 
buildings  should  be  just  as  strong.  In  addition  to  the  con- 
stant force  of  gravity  and  the  ever  changing  force  of  the 
wind,  buildings  in  certain  parts  of  the  world  are  called  on  to 
resist  earthquake  shocks  and  even  the  destructive  efforts  of 
animals  and  men. 

When  any  one  of  the  forces  mentioned  above  acts  on  the 
parts  of  a building,  it  has  one  or  more  of  three  tendencies. 
First,  the  force  may  tend  to  push  parts  of  the  building  to- 
gether or  to  crush  the  material  on  which  the  force  is  exerted. 


Fig.  309.  Empire  State  Build- 
ing. (Brown  Brothers.) 
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Such  a force  is  known  as  a compressional  force  and  puts  the 
material  in  a state  of  compression.  To  resist  compressional 
forces,  a substance  must  have  compression  strength.  Second, 
a force  may  tend  to  pull  objects  apart  or  to  pull  a single 
piece  of  material  in  two.  A force  which  tends  to  do  this  is 
a tensional  force  and  puts  materials  in  a state  of  tension.  It 
is  resisted  by  tensile  strength.  The  third  tendency  which  a 
force  may  have  is  to  make  the  parts  of  a building  or  the  parts 
of  a single  piece  slide  past  each  other.  Such  a force  is  called 
a shearing  force,  because  it  acts  in  the  same  way  as  a pair 
of  shears  cutting  paper  or  sheet  iron. 

It  is  well  illustrated  by  the  action  of 
the  two  plates  on  the  rivet  shown  in 
Figure  310. 

You  can  see  now  that  the  man 
who  designs  a building  must  first 
find  out  what  forces  will  tend  to 
destroy  his  building  and  calculate 
how  great  they  probably  will  be. 

Then  he  must  plan  an  economical  ar- 
rangement of  his  building  materials 
which  will  enable  them  to  resist  the  destructive  forces. 
Knowing  that  they  cannot  predict  exactly  how  great  the 
forces  are  to  be  nor  exactly  how  much  any  certain  piece  of 
building  material,  such  as  a wooden  beam,  can  resist,  the 
men  who  prepare  the  plans  for  buildings  make  each  part  from 
two  to  fifteen  times  as  strong  as  their  calculations  show 
that  it  must  be.  This  is  done  to  make  sure  that  a part  of 
the  building  will  not  give  way  and  to  allow  for  some  weak- 
ening of  the  materials  in  the  building  as  they  grow  older. 
The  number  of  times  a part  is  stronger  than  it  would  appar- 
ently have  to  be  is  known  to  builders  as  the  factor  of  safety. 

How  are  good  .foundations  prepared?  Every  building 
I should  have  adequate  foundations.  Otherwise,  settling  of 
I the  soil  or  rock  on  which  it  rests  will  result  in  distortion  of 
j the  building  with  cracked  plastering,  leaning  walls,  and 
i 


Fig.  310.  How  the  shearing 
force  of  plates  acts  on  a 
rivet  or  bolt. 
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sometimes  even  the  collapse  of  the  entire  building.  The 
tower  of  Pisa  leans  because  its  foundations  were  not  placed 
on  a solid  footing.  The  noted  bell  tower,  or  campanile,  of 
St.  Mark’s  in  Venice  collapsed  in  1902  because  of  faulty 
foundations.  Even  such  a noted  building  as  Westminster 

Abbey  must  undergo  con- 
stant repair  because  of  in- 
adequate foundations. 

Since  wood  decays  in  the 
damp  soil  near  the  surface 
of  the  earth,  foundations 
are  commonly  made  of 
some  kind  of  natural  or 
artificial  stone.  Usually 
trenches  or  pits  are  dug 
down  to  a solid  footing  and 
poured  full  of  concrete. 
When  the  concrete  has  set, 
the  part  of  the  foundation 
which  can  be  seen  above 
ground  is  built  of  stone, 
concrete  blocks,  or  brick. 

The  architects  and  en- 
gineers who  design  large 
buildings  calculate  very 
carefully  the  largest  amount  of  force  which  the  founda- 
tions will  be  called  on  to  bear  and  plan  the  foundations 
accordingly.  It  may  be  estimated,  for  instance,  that  a 
certain  kind  of  soil  can  hold  up  as  much  as  thirty  tons  of 
force  per  square  foot.  The  foundations  are  then  built  in 
such  a way  that  the  pressure  will  not  reach  more  than  half 
that  amount.  That  is,  the  factor  of  safety  of  the  foundation 
is  at  least  two.  The  Woolworth  Building  in  New  York  has 
sixty-nine  columns  of  solid  concrete,  each  nineteen  feet  in 
diameter,  extending  down  to  bedrock  110  feet  below  the 
surface.  These  foundation  pillars  weigh  70,000  tons,  while 


Fig.  311.  Construction  of  a concrete 
foundation  column.  It  is  upon  columns 
like  this  that  the  weight  of  a skyscraper 
rests.  (Photo  by  Mario  Scacheri.) 
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the  building  itself  weighs  only  about  223,000  tons.  Somewhat 
smaller  buildings  may  rest  on  a great  number  of  “rafts”  of 
concrete  re-enforced  with  steel  railroad  rails  or  on  hundreds 
of  long  posts,  or  piles,  of  wood  or  concrete  driven  to  a firm 
footing  in  the  ground.  Wooden  piles  are  satisfactory  because 
they  are  entirely  immersed  in  ground  water.  Thus  insects, 
oxygen,  and  fungi  cannot  reach  them  to  cause  deterioration. 

Suggested  Activity.  Find  a building  in  your  community  which 
is  in  the  process  of  construction.  Watch  the  workmen  to  see  how 
they  prepare  the  foundation.  If  it  has  already  been  built,  inquire 
how  it  was  made  and  how  far  it  extends  into  the  ground. 

What  are  the  general  methods  of  building  to  secure 
strength?  There  are  two  general  ways  of  constructing  build- 
ings. One  is  to  prepare  a framework  of  strong  material  and 
fasten  all  other  parts  of  the  building  to  the  framework;  the 
other  method  is  to  build  solid  walls  which  support  themselves 
and  the  other  parts  of  the  building.  For  many  small  buildings, 
and  oftentimes  for  parts  of  large  buildings,  a wooden  frame- 
work is  used  because  it  is  quite  satisfactory  and  much  cheaper 
than  steel.  However,  the  size  to  which  such  a framework 
can  be  built  is  limited  by  the  properties  of  wood  and  by  the 
size  of  the  timbers  available.  Thus,  in  recent  years,  other 
materials  have  been  used  for  the  frames  of  large  buildings. 
Solid  walls  are  built  of  almost  all  kinds  of  material  from  sod 
and  clay  to  granite. 

For  thousands  of  years  all  large  buildings  had  walls  of 
solid  stone  or  brick  masonry.  Stone  and  brick  are  very 
heavy,  however,  and  are  limited  in  their  resistance  to  com- 
pressional  forces.  The  higher  the  walls  are  built,  therefore, 
the  thicker  they  must  be  made  at  the  bottom  to  support 
themselves  and  the  floors  and  roof.  The  crowding  of  business 
into  small  districts  of  large  cities  in  modern  times  has  made 
very  tall  buildings  desirable.  The  development  of  high-speed 
electric  elevators  has  made  it  possible  for  people  to  reach  the 
upper  floors  of  such  buildings  quickly.  If  built  of  masonry, 
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however,  an  eighty-story  building  would  have  to  have  walls 
so  thick  that  the  space  available  for  stores  and  offices  on 
the  lower  floors  would  be  seriously  reduced  and  poorly  lighted. 

The  Monadnock  Building  of  Chicago 
is  believed  to  be  the  tallest  office 
building  ever  built  with  solid  masonry 
walls.  It  is  only  sixteen  stories  high, 
but  has  walls  fifteen  feet  thick  at  the 
basement  level  (Figure  312). 

Steel  can  resist  two  hundred  times 
as  much  compressional  force  as  brick 
or  stone  and  infinitely  greater  ten- 
sional  force.  When  modern  methods 
of  production  made  steel  available  in 
large  quantities  at  reasonable  cost,  it 
was  natural  that  engineers  should 
begin  to  construct  very  tall  build- 
ings with  frames  of  steel.  This  type 
of  building  has  now  come  to  be  known 
as  the  skyscraper  and  is  North 
America’s  contribution  to  the  archi- 
tecture of  the  world.  Great  posts 
and  beams  of  steel  are  lifted  into  place  by  cranes  and  riveted 
together  to  form  a rectangular  framework  extending  as  high 
into  the  air  as  it  is  economical  to  go.  The  cost  of  erecting 
and  maintaining  the  upper  floors  of  very  high  buildings 
becomes  so  great  that  the  builders  must  stop  before  they  reach 
the  limit  of  strength  of  the  steel  that  they  use  at  the  base. 

The  highest  structure  ever  made  by  man  is  now  the  Em- 
pire State  Building,  completed  in  1931.  It  rises  102  stories 
into  the  air,  and  the  tip  of  the  tower  is  1248  feet  above  the  street 
(Figure  309).  Yet  engineers  believe  they  can  successfully 
erect  buildings  with  two  hundred  floors  or  more.  Although 
skyscrapers  appear  to  be  constructed  of  solid  masonry,  the 
walls  of  each  story  of  the  building  are  in  reality  supported 
separately  by  the  framework.  All  the  brick  and  stonework 


CONSTRUCTION  OF  BUILDINGS 


423 


of  the  lower  part  of  the  building  could  be  torn  away  without 
anyone  in  the  upper  stories  being  aware  of  it. 

A large  number  of  buildings  which  do  not  reach  to  such 
heights  as  do  the  skyscrapers  are  now  built  with  frames 
of  re-enforced  concrete  instead  of  steel. 

The  highest  of  these  buildings  have  about 
twenty  stories.  Floors  and  walls  are  car- 
ried by  the  concrete  frame  in  the  same 
way  as  they  are  in  the  true  skyscraper 
type  of  building. 

How  do  braces  strengthen  buildings? 

A simple  experiment  will  help  us  to  un- 
derstand the  principle  which  underlies 
the  methods  of  bracing  buildings. 

Experiment  85.  How  are  triangles  valuable 
to  builders?  (a)  Obtain  at  least  seven  strips 
of  wood  about  one  inch  wide,  one-half  inch 
thick,  and  one  foot  long,  and  three  similar 
strips  about  sixteen  inches  long.  Using  one 
small  nail  or  brad  at  each  corner,  fasten  together  four  of  the  one- 
foot  strips  into  a four-sided  frame,  or  quadrilateral,  as  shown  in 
Figure  313.  Set  the  base  (B)  of  the  frame  on  the  table,  and,  holding 
it  firmly  with  one  hand,  press  with  the  other  hand  at  (A)  as  if  the 
frame  were  part  of  a building  and  the  wind  were  blowing  against 
the  side.  What  happens?  Put  two  or  three  more  brads  in  each 
corner.  Is  it  strengthened?  Can  you  still  push  it  out  of  shape? 

(&)  Lay  the  first  frame  aside  and  make  a new  frame  in  the  form 
of  a triangle,  as  shown  in  Figure  313.  Place  (B)  flat  on  the  table 
again  and  push  on  (A)  as  you  did  before.  Can  you  make  the  frame 
give  way  at  all?  If  so,  try  adding  the  same  number  of  brads  as  in 
the  latter  part  of  (a).  What  are  the  results? 

(c)  Now  add  a diagonal  brace  to  the  frame  you  made  in  (a),  thus 
producing  two  triangles  fastened  together.  Has  the  strength  of 
the  frame  been  increased?  How  would  you  add  other  braces  to  the 
frame  to  increase  its  strength  still  more? 

A triangle  is  the  only  kind  of  straight-line  figure  whose 
shape  cannot  be  changed  without  changing  the  length  of 


Fig.  313. 
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one  or  more  of  its  sides.  In  the  experiment  you  have  dem- 
onstrated the  effectiveness  of  triangular  bracing.  Steel  and 
wooden  frames  are  fastened  together  as  firmly  as  the  builders 
know  how,  but  that  does  not  make  them  strong  enough  to 
resist  the  sidewise  forces  which  tend  to  push  the  frames  out 
of  shape.  Bracing  is  therefore  added  to  resist  such  forces. 

In  many  places  In  the  framework 
of  buildings  and  in  scaffolding, 
you  can  observe  the  use  of  tri- 
angles to  prevent  lateral  or  side- 
wise  motion.  In  most  modern 
steel-frame  buildings  the  braces 
are  comparatively  small  plates 
of  steel  riveted  to  the  beams 
and  posts  at  the  points  where 
they  meet. 

How  do  beams  sustain  weight? 

Buildings  are  made  for  the  pur- 
pose of  enclosing  spaces  where 
men  may  carry  on  their  activi- 
ties and  store  their  goods.  The 
space  must  be  covered  above  as 
well  as  enclosed  at  the  sides, 
and  this  makes  another  problem 
for  the  builders.  How  can  the 
roof  be  supported  over  the  hollow  interior  of  the  building? 
In  buildings  of  more  than  one  story  each  floor  must  like- 
wise be  kept  from  falling  down  upon  the  next  lower  one. 
Also,  unless  we  wish  to  imitate  certain  primitive  people  by 
entering  our  buildings  through  holes  in  the  roof  and  having 
no  windows  in  the  walls,  we  must  be  able  to  support  the 
parts  of  the  walls  above  doors  and  windows. 

One  of  the  simplest  methods  of  construction  used  to  solve 
this  problem  is  known  as  the  column  and  lintel.  Probably  the 
earliest  use  of  this  principle  was  when  tree  trunks  were  set 
on  end  as  columns,  and  across  the  upper  ends  other  trunks 


Fig.  314.  How  beams  are  con- 
structed to  give  strength.  Note 
that  most  of  the  material  is  at 
the  top  and  the  bottom.  In 
beam  3 , braces  are  added. 
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were  placed  horizontally  to  form  the  beams,  or  lintels,  and 
hold  up  the  roof.  Prehistoric  men  also  used  this  method, 
for  we  find  it  in  many  of  the  stone  remains  of  their  build- 
ings. It  was  extensively  used  in  the  stone  temples  of  the 
Egyptians  and  was  later  brought  to  great  perfection  of  form 
in  the  architecture  of  the  Greeks.  Because  of  its  simplicity 
and  economy  of  space  it  is  still  very  widely  used.  If  you 
have  been  thinking,  you  have  already  discovered  that  the 
wooden,  concrete,  and  steel  frames  of  modern  buildings  are 
really  examples  of  complicated  column  and  lintel  construction. 

An  experiment  will 
help  us  to  understan^d 
how  a beam  resists 
the  forces  which  tend 
to  bend  and  break  it. 

Experiment  86.  How 
do  the  forces  act 
within  a loaded  beam? 

(a)  Obtain  a piece  of  wood  two  inches  thick,  four  inches  wide,  and 
about  two  feet  long.  Saw  it  in  two  in  the  middle  and  fasten  the  two 
pieces  together  at  the  saw  cut  by  tacking  a rubber  hinge  on  one  of 
the  narrow  sides.  An  old  inner  tube  will  provide  a good  hinge. 
Now  support  the  two  ends  of  the  beam  thus  prepared  on  blocks  or 
on  two  tables  with  the  hinge  downward.  Place  a small  ball  of  moist 
clay  or  Plasticene  in  the  upper  part  of  the  cut  above  the  rubber 
hinge.  Lay  a brick  or  some  other  weight  on  the  beam  (Figure  315). 
What  happens  to  the  clay?  To  the  rubber  hinge?  What  two  forces 
are  shown  to  be  created  in  the  beam  by  the  weight  on  top?  What 
kind  of  strength  must  the  beam  have  to  keep  from  breaking? 

(&)  Obtain  slender  pieces  of  soft  pine  wood,  green  tree  branches, 
and  strips  of  corrugated  cardboard.  Force  them  to  give  way  to 
bending  forces.  Do  you  find  further  evidence  of  the  two  forces  which 
you  discovered  in  part  (a)? 

Every  beam  has  acting  within  it  the  same  two  forces  whose 
effects  you  saw  in  the  experiment.  However,  the  amount  of 
material  in  a beam  does  not  always  determine  the  amount  of 
weight  which  it  can  sustain. 


RUBBER  STRIP 

-SUPPORT  r 

Fig.  315.  Apparatus  for  Experiment  86. 
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Experiment  87.  What  effect  has  the  shape  of  a beam  on  its 
strength?  Obtain  two  straight  strips  of  soft  wood  about  a foot  long, 
one-half  inch  wide,  and  one-fourth  inch  thick.  Be  sure  that  the 
strips  are  as  nearly  alike  as  possible. 

(a)  Support  the  ends  of  one  of  the  strips  on  two  chairs  or  tables 
and  hang  a pail  on  a large  cord  looped  about  the  centre  of  the  strip. 
See  that  the  strip  is  lying  on  its  side  and  add  sand  or  other  material 
to  the  pail  until  the  strip  breaks.  Weigh  the  pail  and  the  material 
in  it  to  find  how  much  force  was  required  to  break  the  stick. 


Fig.  316.  How  forces  act  within  loaded  beams  of  different  thicknesses. 
The  weights  supported  by  the  two  beams  are  the  same,  but  the  internal 
forces  are  quite  different,  as  indicated  by  the  lengths  of  the  arrows. 


(&)  Set  the  second  strip  on  edge  on  the  two  chairs  or  tables  and 
repeat  part  {a).  If  the  stick  tends  to  turn  down  sidewise  when  the 
weights  are  added,  some  way  of  holding  it  on  edge  must  be  provided. 
How  much  force  is  required  to  break  the  stick?  Is  a beam  able  to 
support  a greater  weight  when  it  is  flat  or  when  it  is  on  edge? 

The  amount  of  tensional  and  compressional  force  within  a 
beam  depends  on  three  factors:  the  weight  which  is  resting 
on  it,  the  length  of  the  beam,  and  the  thickness  of  the  beam. 
You  can  readily  see  for  yourself  how  the  first  two  factors 
affect  the  internal  forces.  The  third  is  more  difficult  to 
understand,  but  it  is  made  clear  by  reference  to  Figure  316. 
The  two  beams  placed  in  walls  to  support  the  bricks  over 
doorways  have  to  bear  equal  weights.  Beam  1 is  laid  down 
flat,  while  beam  2 is  set  on  edge.  The  lengths  of  the  arrows 
indicate  approximately  how  great  the  forces  are. 
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In  beam  1 the  forces  tending  to  push  the  particles  at  A 
together  and  pull  those  at  B apart  are  very  great  because 
the  top  and  bottom  are  close  together.  In  beam  2 the  forces 
tending  to  push  the  particles  at  C together  and  pull  those 
at  D apart  are  much  less  because  they  are  much  farther 
apart.  A beam  which  separates  the  principal  internal  forces 
by  a large  distance  is  thus  able  to  hold  up  a much  greater 
weight  than  one  which  allows  the  forces  to  come  close  to- 
gether, even  though 
both  beams  are  equal 
in  amount  of  material 
and  in  length. 

You  will  notice 
from  Figure  316  that 
the  weight  is  held  up 
principally  by  the  ma- 
terial at  the  top  and 
bottom  of  a beam. 

The  material  in  the 
middle  is  doing  lit- 
tle except  holding  the 
upper  and  lower  parts  together  and  preventing  them  from 
sliding  past  each  other.  The  beams  could  be  made  much 
stronger  without  increasing  the  amount  of  material  if  some 
of  the  wood  from  the  centre  of  the  beam  could  be  put  along 
the  top  and  bottom.  Steel  is  expensive  and  heavy;  so  when 
girders  are  made  from  it,  a small  amount  of  material  reaches 
across  the  centre  and  the  rest  is  placed  at  the  top  and  bot- 
tom, where  it  gives  the  greatest  strength  (Figure  314). 

How  do  arches  give  strength?  The  post-and-lintel  type  of 
construction  is  easily  used  where  large  beams  of  wood,  steel, 
or  stone  are  available.  Men  whose  principal  building  materials 
were  small  stones  and  bricks  invented  the  arch  to  support 
weight  over  open  spaces.  An  arch  is  of  such  shape  that  all 
the  weight  above  it  is  supported  by  material  under  com- 
pression, as  shown  in  Figure  317.  Brick  and  stone  masonry 


Fig.  317.  Forces  produced  by  the  weight 
resting  on  an  arch. 
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are  better  able  to  withstand  compressional  force  than  ten- 
sional  force;  thus  the  arch  has  found  very  wide  use  in 
masonry  buildings. 

The  chief  difficulty  with  an  arch  is  that  the  base  tends  to 
be  pushed  outward  and  let  the  centre  fall.  When  a number 

of  arches  are  built  side  by 
side,  they  push  against 
each  other  and  thus  sup- 
port each  other.  Arches 
in  a solid  wall  press  against 
the  other  parts  of  the  wall 
and  are  thus  prevented 
from  being  pushed  out  of 
shape.  In  great  cathedrals 
we  may  see  the  buttresses 
used  to  overcome  the  side- 
wise  push,  or  thrust,  of  the 
immense  arches  which  sup- 
port the  roof  (Figure  318). 


Suggested  Activity. 
Make  a list  of  the  different 
places  where  you  have  seen 
arches  used. 

How  do  trusses  support 
weight?  When  two  rafters 
for  the  two  sides  of  a 
roof  are  leaned  against  each  other  in  the  form  of  an  in- 
verted ‘W,”  a simple  arch  is  formed.  The  weight  of  the 
roof  causes  an  outward  thrust  on  the  sides  of  the  building, 
as  does  an  arch.  If,  however,  a rod  is  fastened  across  from 
the  lower  end  of  one  rafter  to  the  lower  end  of  its  mate  on 
the  other  side,  a simple  truss  is  formed,  and  the  sides  of  the 
building  are  relieved  of  the  thrust  from  the  rafter.  The 
weight  of  the  roof  now  presses  downward  on  the  rafters,  t 
causing  some  strain  on  them  as  it  would  on  a level  beam.  I 


Fig.  318.  This  picture  shows  the 
buttresses  used  to  overcome  the  thrust 
of  the  heavy,  steep-sided,  slate-covered 
roof  of  the  cathedral.  (Photo  by  Mario 
Scacheri.) 


CONSTRUCTION  OF  BUILDINGS 


429 


Because  of  their  position,  however,  there  is  a tendency  for 
the  lower  ends  of  the  rafters  to  push  outward.  This  puts  the 
rod  under  tension,  and  the  roof  is  held  up  so  long  as  the 
tensile  strength  of  the  rod  is  not  exceeded  (Figure  319). 

Trusses  of  wood  and  of  steel  are  very  extensively  used 
for  the  support  of  wide  roofs,  especially  when  it  is  desirable 
to  have  as  few  posts  as  possible  within  a building.  They 
are  most  easily  seen  in  bridges  which  span  wide  streams. 
Few  of  them  are  as 
simple  as  the  rafters- 
and-rod  truss,  but  all 
are  constructed  ac- 
cording to  the  same 
principle.  Certain 
I members  of  each  truss 
are  under  compres- 
sion, as  were  the 

rafters  of  our  simple  p„.  319,  The  arrows  show  the  direction 
I truss.  These  mem-  of  the  forces  in  this  simple  roof  truss. 

^ bers  are  made  rather 

large  so  that  they  will  not  bend.  Other  members  of  each 
truss  are  under  tension,  as  is  the  rod  of  the  simple  roof  truss 
shown  in  Figure  319.  Tension  members  must  have  high 
tensile  strength,  but  they  may  be  quite  slender,  since  they 
do  not  need  to  resist  bending. 

How  are  the  parts  of  buildings  held  together?  As  we  have 
already  seen,  parts  of  buildings  may  tend  to  move  toward 
each  other,  away  from  each  other,  or  to  slide  past  each  other. 
No  method  of  fastening  is  needed  to  hold  parts  which  simply 
push  against  each  other.  Nails,  screws,  mortar,  wooden  or 
metal  pins,  bolts,  and  rivets  are  commonly  used  where 
forces  tend  to  pull  or  slide  the  pieces  of  building  material 
apart.  Nails  can  be  used  only  with  a material  which  yields 
slightly  as  they  are  driven  in  and  which  then  holds  them 
firmly.  Screws  act  much  like  nails,  except  that  they  are 
forced  into  the  wood  in  a different  way.  Mortar  can  be 
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used  to  hold  together  such  materials  as  stone,  brick,  or 
tile,  to  which  it  adheres,  or  sticks.  It  may  be  placed  or 
forced  into  the  crevices  of  masonry  while  it  is  soft.  When 
it  hardens,  it  holds  the  parts  of  the  masonry  firmly  in  place. 

When  wood,  metal,  or 
other  building  materials  are 
to  be  held  together  by  pins, 
bolts,  and  rivets,  holes  must 
be  made  in  the  materials. 
Red-hot  rivets  have  been 
very  successfully  used  for 
fastening  together  the  steel 
frames  of  modern  build- 
ings. When  the  beams  and 
posts  are  first  put  in  place, 
they  are  temporarily  fas- 
tened with  bolts.  Then, 
when  the  parts  have  been 
put  together  and  adjusted 
until  they  are  in  exactly 
the  right  position,  red-hot 
rivets  are  thrust  through 
matching  holes  in  the  ends 
of  the  different  pieces  of 
steel.  As  each  rivet  is 
put  in  place,  a heavy 
“dolly  bar”  is  held  against 
the  head  of  the  rivet  while  a powerful  hammer  operated 
by  compressed  air  is  used  to  forge  a head  on  the  opposite 
end.  As  the  hot  rivets  cool,  they  contract  and  pull  the  pieces 
of  steel  together  with  tremendous  force.  So  strong  are  hot- 
riveted  joints  that  the  steel  frame  will  usually  bend  at  other 
places  before  the  rivets  yield. 

A recent  improvement  in  building  is  the  fastening  of  steel 
frames  together  by  means  of  arc-welding.  A rod  of  steel 
is  connected  to  an  electric  circuit  so  that  a large  current 


Fig.  320.  This  workman  is  welding 
together  parts  of  a steel  beam  by 
means  of  an  electric  arc.  This  is  called 
arc-welding.  (Century  photo.) 
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can  flow  through  the  rod  into  the  steel  frame.  The  rod 
may  then  be  moved  back  from  the  frame  a short  distance,  and 
the  current  will  continue  to  flow  across  the  gap  in  what  is 
known  as  an  electric  arc.  The  great  heat  generated  by  the 
arc  melts  both  the  end  of  the  rod  and  the  edges  of  the  steel 
beams.  The  melted  metal  then  runs  together  and  hardens  as 
it  cools,  firmly  uniting  the  parts  of  the  frame  without  the 
need  of  bolts  or  rivets. 

Self-testing  exercise  2.  State  in  a few  sentences  the  most  im- 
portant ideas  of  Problem  2. 

Problem  3:  How  Are  Buildings  Insulated  Against 
Heat? 

What  is  heat  insulation?  In  recent  years  builders  have 
given  a great  deal  of  attention  to  the  problem  of  keeping 
heat  from  being  conducted  (see  page  301)  through  the  walls 
of  buildings.  When  it  is  very  warm  outside,  heat  tends 
to  pass  from  the  outside  through  the  walls  and  roof  of  a 
building  and  to  make  the  inside  hot.  When  it  is  cold  out- 
side, the  heat  from  the  interior  is  conducted  through  the 
walls  to  the  outside  and  carried  away  in  the  air.  If  the  heat 
can  be  prevented  from  passing  in  or  out  rapidly,  a building 
will  be  cooler  in  summer  and  will  require  much  less  fuel  to 
heat  it  in  winter. 

Experiment  88.  How  do  materials  differ  in  their  ability  to  conduct 
heat?  For  this  experiment  you  will  need  a strip  of  asbestos  paper 
three  or  four  inches  long  and  a strip  of  copper  of  about  the  same 
size.  Holding  one  end  of  each  strip  in  your  fingers,  place  the  other 
end  of  each  in  the  flame  of  a Bunsen  burner  or  candle.  Which 
material  burns  your  fingers?  Why?  Test  various  building  mate- 
rials, such  as  wood,  brick,  iron,  and  glass,  in  the  same  way.  Which 
are  good  conductors,  and  which  are  poor? 

Materials  like  asbestos,  which  conduct  heat  very  slowly, 
are  known  as  heat  insulators.  Air  which  is  confined  in  small 
spaces  so  that  it  cannot  circulate  (dead  air)  is  one  of  the  best 
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of  insulators  and  costs  nothing.  Wood  is  a poor  conductor,  but 
stone  and  brick  are  quite  good  conductors.  The  common 
metals  carry  heat  more  rapidly  than  any  other  substances. 
Surprisingly  enough,  the  snow  houses  of  the  Eskimos  are 
quite  warm  as  compared  with  the  temperatures  outside, 
because  the  particles  of  snow  are  poor  conductors  of  heat  and 


Fig.  321.  In  the  house  at  the  left  the  attic  is  insulated.  Not  enough 
heat  has  escaped  through  the  roof  to  melt  the  snow.  The  house  at 
the  right  is  losing  much  heat  through  the  roof,  as  shown  by  the  melted 

snow. 


because  quantities  of  dead  air  are  confined  in  the  spaces 
between  the  snow  particles.  In  the  days  when  winter  ice  was 
stored  for  summer  use,  the  ice  houses  usually  had  hollow  walls 
packed  with  sawdust,  and  the  ice  inside  was  thoroughly 
covered  with  the  same  material.  Farmers  build  straw  shelters  J 
for  their  livestock  and  pack  the  walls  of  wooden  buildings  ■ 
with  straw  because  of  its  insulating  qualities.  | 

How  are  insulating  materials  used  in  buildings?  Com- 
mercial companies  now  make  a large  number  of  insulating  | 
materials  which  are  very  effective  in  preventing  the  conduc- 
tion of  heat  through  walls  and  roofs.  Cork,  gypsum  and/ 
other  minerals,  hair,  and  fibres  of  sugar  cane,  wood,  straw, 
and  flax  are  made  into  porous  boards,  blankets,  and  loose  * 
filling  which  can  be  placed  in  the  walls  and  under  the  roofs 
of  buildings.  The  insulating  materials  are  poor  conductors: 
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themselves,  and  they  are  so  porous  that  they  hold  large 
quantities  of  dead  air.  Substances  which  are  combustible 
or  which  would  encourage  vermin  are  treated  chemically  so 
that  they  will  neither  burn  nor 
shelter  pests.  One  inch  of  spe- 
cial insulating  material  is  as 
effective  in  preventing  the  pas- 
sage of  heat  as  three  inches  of 
pine  wood,  or  sixteen  inches  of 
brick  or  stone  masonry.  When 
they  are  properly  used,  these 
materials  have  the  added  ad- 
vantages of  keeping  out  wind 
and  of  deadening  sound. 

A large  part  of  the  heat  lost  from  buildings  in  winter  is 
conducted  out  through  the  glass  windows.  Additional  layers 
of  glass  are  sometimes  used  in  the  windows,  or  an  additional 
sash,  called  a storm  window,  is  installed.  A layer  of  air  is 
thus  imprisoned  between  two  layers  of  glass  and  is  quite 

effective  in  reducing  the 
heat  loss. 

One  of  the  most  recent 
developments  in  the  art  of 
building  has  come  through 
the  combined  use  of  heat 
insulation  and  metals. 
Lightweight,  ready  - made 
houses  with  metal  walls  fully 
insulated  are  now  being 
sold.  They  can  be  trans- 
ported to  a building  site 
and  put  together  in  a few 
hours  by  trained  workmen.  Being  factory-made  in  large 
numbers,  they  cost  much  less  than  do  the  buildings  erected 
one  at  a time  on  lots  where  the  workmen  cannot  take  full 
advantage  of  factory  conveniences  and  labor-saving  devices. 


Fig.  323.  One  way  of  using  insulation 
in  the  wall  of  a frame  house. 


Fig.  322.  Hollow  wall  spaces 
filled  with  insulating  material. 
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Suggested  Activities.  1.  Prepare  a classroom  exhibit  of  com- 
mercial insulating  materials.  Ask  your  teacher  for  suggestions  as 
to  how  to  obtain  the  samples  you  will  need. 

2.  Devise  an  experiment  to  test  the  value  of  insulation  in  pre- 
venting the  loss  of  heat  from  a can  of  hot  water. 

Self-testing  exercise  3.  Why  does  heat  pass  through  a wall  more 
rapidly  when  it  is  hollow  than  when  it  is  filled  with  sawdust,  even 
though  the  wood  of  the  sawdust  is  a better  conductor  than  air? 

Self-testing  exercise  4.  List  the  places  in  a building  where 
insulating  material  should  be  used. 

Problem  4 : How  Are  Buildings  Protected  from 
Deterioration? 

What  are  the  causes  of  deterioration?  You  already  know 
that  when  wood,  iron,  and  ordinary  steel  are  exposed  to  air 
and  moisture,  they  deteriorate  quite  rapidly.  The  wood 
decays  or  rots,  we  say,  while  the  iron  and  steel  rust.  Decay 
of  wood  is  largely  caused  by  the  action  of  certain  kinds  of 
fungi  which  grow  in  it  when  it  is  damp  and  exposed  to  the 
air.  In  order  to  change  the  wood  into  such  a form  that  they 
can  use  it  for  food,  these  plants  give  out  chemicals  which 
decompose  the  wood  and  weaken  it.  Wood-boring  and  wood- 
eating insects  hasten  the  process  of  deterioration.  The  small 
tunnels  which  they  make  in  the  timbers  allow  moisture  and 
the  threads  of  the  fungi  to  penetrate  more  rapidly.  In  certain 
regions  insects  called  termites  may  eat  so  much  of  the  wood 
that  frame  buildings  collapse. 

The  rusting  of  iron  is  one  kind  of  oxidation  in  which  there 
is  a slow  chemical  change  of  the  iron  to  iron  oxide  (rust). 
Both  water  and  oxygen  are  necessary  for  this  change;  there- 
fore it  can  occur  only  when  the  iron  is  moist  and  exposed  to 
the  air,  or  when  it  is  immersed  in  water  which  contains  air 
dissolved  in  it. 

Stone  and  brick  become  streaked  and  spotted  with  miner- 
als if  water  is  allowed  to  soak  into  them.  Changes  of  tem- 
perature and  the  chemical  action  of  the  gases  of  the  air 
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and  of  rainwater  cause  weathering  of  stone  as  you  learned  in 
Unit  II.  Mortar  is  especially  susceptible  to  weathering  action. 
Weathering  is  not  often  rapid  enough  to  be  noticeable  in 
a few  years,  as  is  the  rotting  of  wood  or  the  rusting  of 
steel,  but  masonry  buildings  which  have  stood  for  centuries 
show  a large  amount  of  weathering. 

How  are  air  and  moisture  kept  away  from  materials  which 
deteriorate  rapidly?  The  most  common  way  of  protecting 
the  surfaces  of  buildings  is  the  use  of  paint  and  varnish. 
Paint  contains  a “drying”  oil,  called  linseed  oil,  which  is  ob- 
tained by  pressing  flaxseed. 

Experiment  89.  What  happens  to  linseed  oil  when  it  is  exposed 
to  the  air?  (a)  Obtain  a small  amount  of  linseed  oil  and  some  olive 
oil.  Coat  a clean  block  of  wood  and  a strip  of  metal  with  the  clear 
linseed  oil.  Coat  another  strip  of  each  material  with  the  olive  oil. 
Lay  the  oil-coated  objects  away  where  they  will  be  protected  from 
dust.  Examine  them  daily  to  see  what  change  takes  place  in  the 
films  of  oil.  If  the  first  coat  of  oil  soaks  into  the  wood,  you  may 
apply  a second  coat  and  study  its  effect. 

(&)  Set  small  amounts  of  the  oils  aside  in  separate  shallow  dishes 
indoors  for  several  weeks.  Examine  the  results  with  care. 

Linseed  oil  is  oxidized  by  the  oxygen  of  the  air  and  changed 
into  a tough,  flexible  substance  which  is  waterproof  and 
adheres  well  to  almost  every  kind  of  surface.  To  give  color 
to  paint  and  to  make  it  of  the  right  consistency,  very  finely 
ground,  opaque  powders,  or  pigments,  are  mixed  with  the 
linseed  oil.  The  best  and  most  commonly  used  pigment  is 
white  lead.  In  cheaper  grades  of  paint  other  materials  are 
substituted  for  a part  or  all  of  the  expensive  white  lead, 
but  they  do  not  help  the  paint  to  form  as  lasting  and  tough 
a film  as  does  the  white  lead.  Zinc  oxide  is  a white  pigment 
commonly  used  for  interior  paint.  Colored  pigments  added 
to  white  paint  give  it  any  desired  color. 

Varnishes  consist  of  a gum  or  resin  of  some  kind  dissolved 
in  linseed  oil  or  in  some  other  liquid  such  as  alcohol.  Coloring 
material  is  often  added  in  small  amounts  to  shade  the  finished 
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work.  When  the  oil  has  been  oxidized  and  any  other  liquids 
have  evaporated,  a resinous  protective  covering  is  left  on 
the  surface. 

Iron  and  steel  are  often  coated  with  some  other  metal,  such 
as  zinc  or  tin,  which  does  not  rust.  When  used  for  this  pur- 
pose, the  coating  of  tin  is  very  thin  and  is  penetrated  rather 
quickly  by  moisture.  Zinc  forms  a more  satisfactory  cover- 
ing than  does  tin.  Iron  or  steel  coated  with  zinc  is  said  to 
be  galvanized.  In  order  to  coat  the  metal  with  zinc,  the 
metal  is  thoroughly  cleaned  in  a solution  of  sulphuric  acid 
and  then  immersed  in  a vessel  containing  molten  zinc  and 
sal  ammoniac.  Wherever  possible,  it  is  best  to  use  rust- 
resisting  metals,  such  as  copper,  brass,  or  stainless  steel,  for, 
after  a time,  any  protective  coating  on  iron  or  steel  becomes 
defective,  and  rusting  begins. 

Under  certain  circumstances  porous  materials,  such  as 
wood  and  stone,  are  saturated  or  impregnated  with  preserva- 
tives or  waterproofing  materials.  Hot  creosote  driven  into 
wood  under  pressure  prevents  in  large  measure  the  growth 
of  fungi  and  the  attacks  of  insects.  Paraffin  or  other  wax 
is  sometimes  melted  and  allowed  to  soak  into  porous  stone 
when  it  is  very  desirable  to  prevent  it  from  becoming  water- 
soaked.  There  are  also  certain  solutions  of  chemicals  which 
may  be  allowed  to  soak  into  weathered  stone  to  harden  it  and 
cement  it  together  more  firmly.  Special  paints  are  available 
which  help  prevent  the  wearing  away  of  stucco  by  wind 
and  rain. 

Suggested  Activity.  Examine  painted  and  unpainted  surfaces 
which  have  been  exposed  to  the  weather.  Write  a report  of  your 
observations. 

Self-testing  exercise  5.  What  properties  are  desirable  in  a good 
protective  coating  for  materials  exposed  to  the  weather? 

Self-testing  exercise  6.  Why  does  paint  need  to  be  renewed  every 
few  years? 

Summary  exercise  on  Unit  XI.  Make  a list  of  all  of  the  important 
principles  or  big  ideas  of  science  that  you  have  learned  from  your 
study  of  this  unit. 
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Additional  Exercises 

1.  Study  a picture  of  a suspension  bridge  and  draw  a diagram 
similar  to  Figure  316  to  show  the  tensional  and  compressional  forces 
acting  within  it. 

2.  Study  a bridge  truss  and  draw  a diagram  to  show  the  forces 
acting  on  the  different  members  when  there  is  a load  on  the  bridge. 

3.  Make  drawings  of  different  kinds  of  beams,  arches,  and 
trusses  that  you  can  discover  outside  of  buildings.  Label  each. 

4.  Make  a table  showing  the  advantages  and  disadvantages  of 
wood  as  a building  material. 

5.  Examine  logs  or  stumps  and  find,  by  counting  the  annual 
rings,  the  age  of  the  tree  which  was  cut. 

6.  Visit  any  industry  where  building  materials  are  being  made, 
and  write  a report  of  the  important  steps  in  the  preparation  of  the 
finished  product. 

7.  What  chemical  changes  have  been  mentioned  in  Unit  XI? 
Check  through  the  unit  and  summarize  them. 

8.  City  newspapers  often  have  a section  on  the  construction  of 

new  buildings.  Turn  to  this  section  and  read  the  articles  presented. 
What  problems  are  discussed?  Prepare  a report  on  “Current  Prob- 
lems in  Building.”  • 

9.  Keep  a complete  record  of  the  erection  of  some  building  in 
your  neighborhood  from  the  time  ground  is  broken  until  it  is  occu- 
pied. Pictures  of  the  building  in  different  stages  will  add  much  to 
your  record.  Mention  in  your  notes  the  principles  of  science  which 
you  see  applied. 

10.  Visit  an  architect’s  office  and  prepare  a report  of  the  activities 
which  you  see  there. 

11.  Prepare  a report  on  “The  History  and  Uses  of  the  Arch.” 

12.  Prepare  or  obtain  a large  outline  map  of  Canada.  Consult 
the  Canada  Year  Books,  bulletins  of  the  various  departments  at 
Ottawa,  or  other  sources,  and  on  the  map  print  names  of  the  various 
materials  studied  in  this  unit  to  show  where  they  are  produced.  Par- 
ticularly fine  maps  may  be  made  by  mounting  samples  of  the  materials 
as  well  as  writing  in  the  names. 

13.  Suppose  that  you  have  saved  $5000  with  which  to  build 
a house  for  a family  of  four.  What  are  some  of  the  problems  which 
you  would  need  to  solve  in  planning  the  construction?  Outline  your 
plan  for  solving  each. 
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14.  Look  up  in  chemistry  textbooks  or  other  sources  the  story 
of  the  manufacture  of  different  kinds  of  glass.  Collect  samples  of 
various  kinds  of  glass  and  prepare  an  exhibit  of  them. 

15.  Make  a list  of  metals  and  alloys  not  mentioned  in  this  unit 
which  are  used  for  building  purposes.  By  referring  to  a chemistry 
textbook,  prepare  a list  of  the  important  physical  and  chemical 
properties  and  also  the  construction  uses  of  each. 

16.  People  often  speak  of  “cement"  sidewalks.  Is  this  correct? 
Explain. 

17.  What  changes  has  the  coming  of  steel  had  on  the  construc- 
tion of  buildings? 

18.  Why  is  heat  insulation  used  in  the  best  gas  and  electric  ovens? 

19.  How  may  the  weight  of  a building  help  to  counteract  its 
destruction  by  wind? 

20.  What  difficulties  must  be  overcome  in  substituting  steel  for 
all  the  wood  in  buildings? 

21.  Why  is  the  suspension  bridge  method  of  supporting  weight  not 
commonly  used  in  buildings? 

22.  How  does  the  cost  of  fuel  influence  the  use  of  heat  insulation 
in  buildings? 

23.  Why  do  the  buildings  of  rural  communities  differ  from  those 
of  cities? 

24.  Why  does  a tube  of  steel  two  feet  long  resist  bending  more 
strongly  than  a rod  of  equal  weight  and  length? 

25.  Cast  iron  can  resist  compression  better  than  tension.  Which 
flange  of  a cast-iron  girder  should  be  made  heavier? 

26.  Why  do  dried-out  boards  require  more  coats  of  paint  than 
does  new  lumber? 
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HOW  ARE  NATURAL  FORCES 
CONTROLLED  BY  THE  USE  OF  SIMPLE 
MECHANICAL  DEVICES? 

Preliminary  Exercises 

1.  Recall  from  previous  units  and  from  your  general  experiences 
as  many  kinds  of  forces  or  forms  of  energy  as  you  can.  List  them  in 
a column  and  characterize  each  one  in  a single  sentence. 

2.  Make  a list  of  the  different  kinds  of  work  which  you  have 
seen  persons  do,  and,  opposite  each,  name  one  or  more  devices  used 
in  doing  the  work. 

3.  Make  a list  of  ten  common  “labor-saving  devices”  used  in 
the  home,  on  the  farm,  and  in  the  factory.  Opposite  each,  state 
the  probable  method  of  doing  the  work  before  the  device  was  in- 
vented. 

4.  Name  the  mechanical  devices  which  you  think  have  contrib- 
uted most  to  our  present  methods  of  living,  and,  following  each, 
state  in  a sentence  or  two  why  you  believe  the  device  to  be  im- 
portant. 

5.  What  do  you  consider  to  be  the  scientific  meaning  of  the 
word  “work”?  Do  you  see  any  difference  between  “working”  in 
solving  a problem  in  arithmetic  and  “working”  in  climbing  a long 
flight  of  stairs? 

6.  Which  is  more  work:  (a)  carrying  100  pounds  up  a stair  25 
feet  high,  or  (b)  carrying  25  pounds  up  a stair  100  feet  high?  Why? 

7.  Suppose  that  you  wish  to  place  a large  box  in  an  automobile 
truck.  The  box  is  on  the  ground  and  is  too  heavy  for  you  to  lift. 
You  may  use  any  devices,  but  you  cannot  have  anyone  help  you. 
State  as  many  ways  as  you  can  by  which  you  can  accomplish  the  job. 

8.  Why  are  rollers  placed  under  buildings  in  moving  them? 

9.  How  does  the  oiling  of  machinery  increase  its  efficiency  and 
its  “life”? 

10.  Some  persons  have  tried  to  make  a machine  which,  when 
started,  would  continue  to  operate  without  applying  a force  of  any 
kind.  Do  you  think  such  a machine  is  possible? 
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The  Story  of  Unit  XII 

As  you  know,  the  present  age  is  often  called  “the  age  of 
machinery,”  for  there  is  little  work  which  man  does  without 
the  aid  of  some  device,  or  machine.  Everywhere,  in  homes, 
on  the  streets,  in  the  fields,  and  in  the  factories,  one  sees  a 

great  variety  of  mechanical 
devices.  Knives,  egg-beaters, 
hammers,  chisels,  pulleys,  bi- 
cycles, washing  machines, 
pumps,  automobile  jacks, 
shears,  ball  bats,  vacuum  clean- 
ers, sewing  machines,  steam 
engines,  gas  engines,  street 
cars,  automobiles,  and  tractors 
— these  are  but  a few  of  the 
thousands  of  devices  which  are 
now  used  by  man. 

Some  mechanical  devices  are 
very  simple,  whereas  others  are 
quite  complex.  There  is,  for 
example,  a great  difference  be- 
tween the  shovel  used  in  the 
garden  and  the  steam  shovel 
employed  in  excavating  soil 
for  the  construction  of  a new  building.  You  are  aware  that 
many  simple  machines,  though  not  all,  are  operated  by  hand, 
and  that  many  of  the  larger,  complex  machines,  or  engines, 
make  use  of  some  force  other  than  human  strength,  such  as 
the  force  of  steam,  running  water,  wind,  or  electricity.  Obvi- 
ously, if  you  wish  to  understand  machines  and  to  use  them 
intelligently,  it  will  be  best  to  study  first,  in  this  unit,  how  the 
simple  devices  are  used.  Then,  in  Unit  XIII  you  will  be  able 
to  understand  how  the  more  complex  mechanical  devices,  such 
as  water  wheels,  windmills,  steam  engines,  and  gas  engines, 
are  employed  by  man  to  harness  the  forces  of  water,  air, 
steam,  and  exploding  gas. 


Fig.  3 24.  The  tractor  and  plough 
make  up  a complicated  machine, 
but  as  you  will  learn  in  this  unit, 
they  are  merely  many  simple 
machines  in  combination. 
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In  primitive  times  man  used  his  own  strength  to  do  most  of 
his  work.  When  he  learned  to  grasp  objects  with  his  hands,  he 
was  able  to  pull,  to  push,  and  to  lift  materials,  thus  making 
use  of  the  machines  in  his  own  body  to  accomplish  his  daily 
tasks.  Having  the  ability  to  think,  he  naturally  began  to 
make  use  of  wood,  ivory,  and  stone,  from  which  he  shaped 
knives  or  skinning  tools,  axes,  awls,  scrapers,  war  clubs,  and 


Fig.  325.  Man  has  travelled  a long  way  on  the  road  of  invention  and 
scientific  knowledge  since  the  days  when  crude  tools  like  these  were 
his  only  aids  in  doing  his  work. 


similar  tools  for  cutting,  grinding,  punching  holes,  hammer- 
ing, and  fighting.  All  of  these  early  tools  were  in  a sense 
nothing  more  than  extensions  of  his  own  hands,  but  with 
these  crude  devices  he  was  better  able  to  build  his  dwellings, 
to  prepare  some  of  his  food,  to  make  and  repair  his  clothing, 
to  wage  war,  and  in  other  ways  to  provide  the  essential 
materials  and  conditions  for  life. 

As  time  went  on,  man  learned,  either  through  accident  or 
thought,  that  he  could  make  greater  use  of  the  materials  and 
forces  of  his  environment  to  do  his  work.  He  came  to  use 
the  spring  of  wood  in  the  form  of  a bow  and  arrow  as  a means 
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of  killing  animals  for  food  and  of  protecting  himself  against 
his  enemies.  He  learned  to  domesticate  wild  animals  and  to 
use  them  to  save  his  own  strength  in  hauling  materials  from 
one  place  to  another.  He  discovered  metals  or  produced 
them  from  their  ores  and  of  them  made  a great  variety  of 
tools  more  durable  and  serviceable  than  the  brittle,  soft 
tools  of  stone,  wood,  and  ivory  that  he  had  previously  used. 

The  progress  of 
man  in  controlling 
the  natural  materials 
and  forces  was  slow, 
requiring  thousands 
of  years.  In  fact, 
many  of  the  primitive 
and  crude  devices 
and  implements  are 
still  in  use  in  various 
regions  of  the  world 
(Figure  326).  During 
the  last  two  centuries, 
however,  scientists  in 
civilized  countries 
have  seriously  studied 
the  forces  and  materials  of  nature.  They  have  learned  how  to 
overcome  certain  forces,  such  as  gravity  and  inertia,  dLnd  how  to 
use  these  same  forces,  as  well  as  others.  They  know  now  what 
causes  objects  to  have  weight,  why  it  is  difficult  to  cause  things 
at  rest  to  move,  why  objects  which  are  moving  tend  to  go  on 
moving,  and,  in  general,  how  to  use  all  kinds  of  forces  as  aids 
in  man’s  work. 

The  scientist  has  also  arrived  at  a clear  idea  of  the  nature 
of  work.  He  gives  this  word  a special  meaning,  as  you  will 
discover  in  this  unit.  It  is  enough  now  to  know  that  work  in 
the  scientific  sense  refers  not  to  mental  work,  but  to  physical 
work.  Thus,  when  a person  lifts  an  object  and  overcomes  the 
force  of  gravity,  he  does  work;  when  he  moves  material  by 
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pushing  or  pulling  it  from  one  position  to  another,  he  does 
work;  when  he  uses  force,  whether  his  own  strength  or  that 
of  animals,  air,  water,  or  exploding  gas,  to  move  any  material 
or  to  overcome  any  resistance,  work  is  accomplished. 

It  is  this  kind  of  work  which  was  formerly  done  almost 
entirely  by  human  strength,  but  which  in  large  measure  is 
being  done  today  by  other  forces  through  the  use  of  tools  and 
machines  of  all  descriptions.  The  newer  and  more  scientific 
methods  of  doing  work  have  naturally  changed  man’s  ways 
of  living.  Much  of  the  work  formerly  performed  in  the  home 
and  field  by  long  hours  of  human  toil  is  now  accomplished  in 
a relatively  short  time  by  a variety  of  machines. 

This  story  brings  to  your  mind  a number  of  questions. 
Naturally  you  are  eager  to  know  more  about  the  characteris- 
tics of  gravity,  inertia,  and  the  different  forces.  You  will 
wish  to  understand  how  different  machines  operate.  Do  you 
believe  that  all  machines  operate  on  the  same  principle? 
What  different  purposes  do  machines  serve?  How  do  gears 
work?  Why  does  the  oiling  of  machines  make  them  more  effi- 
cient? What  does  the  scientist  mean  by  “efficiency  of  a ma- 
chine”? These  are  but  a few  of  the  everyday  questions  you 
should  be  able  to  answer  through  your  study  of  this  unit. 

Problem  1 : What  Are  the  Characteristics  of  Certain 
Natural  Forces  Which  We  Strive  to  Overcome 
AND  TO  Use  in  Our  Daily  Lives? 

Study  Suggestion.  In  this  problem  you  will  become  acquainted 
with  some  of  the  forces  that  are  controlled  by  man  through  the  use 
of  machines.  If  you  understand  the  nature  of  these  forces,  the 
rest  of  the  unit  can  be  more  easily  understood.  Try  constantly  to 
think  of  illustrations  of  these  forces  which  you  meet  in  daily  life. 

In  the  story  of  this  unit  and  in  previous  units  several 
kinds  of  forces  have  been  mentioned,  such  as  centrifugal  force, 
gravity,  muscular  force,  air  pressure,  and  water  pressure. 
Were  you  aware  that  each  force  was  associated  with  some 
material?  We  have  spoken  of  the  gravity  of  the  earth,  the 
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strength  of  man,  the  force  of  air,  the  pressure  of  water,  the 
explosive  force  of  gunpowder,  the  elastic  force  of  a bow,  and 
so  on.  Forces  and  materials  seem  to  be  bound  together. 

Another  thought  that  comes  to  mind  as  one  considers  his 
experiences  with  various  forces  and  materials  is  that  mate- 
rials neither  move  nor  stop  moving  unless  some  pull  or  push 
acts  on  them.  A stone,  for  example,  remains  stationary  unless 
pushed  or  pulled;  on  the  other  hand,  a moving  object,  such 
as  a moving  automobile  or  a falling  body,  continues  to  move 
unless  some  force  acts  to  overcome  its  motion.  Scientists 
say  that  force  is  a push  or  pull  that  tends  to  set  a body  in 
motion  or  to  stop  a body  that  is  already  moving. 

What  is  the  nature  of  gravity?  You  have  already  learned 
that  gravity  is  the  mutual  attraction  between  the  earth  and 
the  materials  on  the  earth  (see  pages  9 and  10).  Perhaps, 
without  being  conscious  of  the  fact  that  the  force  of  gravity 
was  the  cause,  you  have  had  many  experiences  with  its 
effects.  You  have  tried  to  lift  a heavy  object  without  success; 
you  have  fallen  down;  you  have  felt  the  force  of  a falling 
object  when  it  struck  you;  you  have  been  conscious  of  the 
pressure  of  water  when  diving;  you  have  thrown  a ball  into 
the  air,  watched  it  stop  in  its  upward  journey,  and  seen  it 
gain  speed  as  it  returned  to  earth.  Can  you  add  other  illus- 
trations of  the  effects  of  gravity? 

In  science  we  are  constantly  seeking  to  measure  things 
and  forces  accurately.  Thus  it  came  about  that  scientists 
attempted  to  measure  the  force  of  gravity.  To  measure  any- 
thing, some  standard  of  comparison  is  necessary.  In  early 
times  the  weight  of  a stone  or  of  a kernel  of  wheat  or  of  bar- 
ley was  used  as  a standard,  but  now  the  force  of  gravity  is 
measured  in  terms  of  the  weight  of  certain  pieces  of  metal. 
One  unit  of  weight  is  called  the  ounce.  Larger  standards 
are  the  pound,  the  hundredweight  (100  pounds),  and  the  ton 
(2000  pounds). 

When  you  say  that  you  weigh  100  pounds,  you  mean  that 
the  force  of  gravity  between  you  and  the  earth  is  100  times 
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as  great  as  the  force  between  the  earth  and  a standard  pound. 
When  you  say  that  you  can  lift  seventy-five  pounds,  you 
mean  that  you  can  exert  a pull  seventy-five  times  as  great 
as  the  pull  of  the  earth  on  a standard  pound  weight.  When 
you  say  you  are  pushing  with  a force  of  sixty  pounds,  you 
mean  scientifically  that  the  force  you  exert  is  sixty  times  as 
great  as  the  pull  of  the  earth  on  a standard  pound  weight. 

At  the  present 


time  two  different 


systems  of  meas-  mi'i' 


uring  force  are  in 
use,  each  of  which 
expresses  force  in' 
terms  of  certain 
units.  The  English 
system,  commonly 
used  in  English- 
speaking  countries, 
measures  force  in 


equal* 

Ounce 

or 


Fig.  327.  Compare  these  figures  with  those 
given  in  Table  13. 


ounces,  pounds,  or  tons.  The  metric  system,  used  in  most 
countries  and  by  scientists  in  all  countries,  measures  force  in 
grams  or  kilograms.  (One  kilogram  equals  1000  grams.)  Table 
13  and  Figure  327  show  a few  comparisons  of  the  two  systems. 


TABLE  13.  English  and  Metric  Units  of  Force  (or  Weight) 


English  to  Metric 

Metric  to  English 

1 ounce  (oz.)  = 28.35  grams  (g.) 

1 pound  (lb.)  = 453.6  grams  (g.) 

1 ton  (T.)  =.91  metric  ton 

1 kilogram  (kg.)  = 2.2  pounds  (lb.) 

1 metric  ton  =2204  pounds  (lb.) 

or  1.1  English  ton 

It  must  be  evident  to  you  from  your  everyday  experiences 
that  different  materials  have  different  weights  for  the  same 
volume.  You  know  that  a block  of  wood  does  not  weigh  as 
much  as  a block  of  lead  of  the  same  size,  and  that  a cubic 
foot  of  water  does  not  weigh  as  much  as  a cubic  foot  of  iron. 
Each  kind  of  substance  has  its  own  density;  that  is,  each 
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substance  has  its  specific  weight  for  a certain  volume.  Thus, 
a cubic  foot  of  water  weighs  62.4  lb.,  while  a cubic  foot  of 
iron  weighs  486.7  lb.  Iron  is  7.8  times  as  heavy  as  water, 
volume  for  volume.  Using  water  as  a standard,  scientists  say 
the  specific  gravity  of  iron  is  7.8,  meaning  that  iron  is  7.8 


Fig.  328.  These  figures  will  help  to  give  you  some  idea  of  the  differences 
in  density  of  materials.  From  Table  14,  see  if  you  can  calculate  for 
yourself  the  weight  of  a cubic  foot  of  cork,  of  aluminum,  and  of  iron. 

times  as  heavy  as  an  equal  volume  of  water.  The  specific 
gravity  of  each  of  a few  other  common  materials,  as  deter- 
mined by  experiments,  is  shown  in  Table  14. 


TABLE  14.  Specific  Gravity  of  Some  Common  Substances 
(Water  =1) 


Substance 

Sp.  Gr. 

Substance 

Sp.  Gr. 

Cork 

.25 

Iron 

7.8 

Oak  Wood 

.8 

Copper 

8.9 

Ice 

.9 

Lead 

11.3 

Water 

1.0 

Gold 

19.3 

Aluminum 

2.6 

Platinum 

22.7 

This  idea  of  specific  gravity  gives  you  a further  under- 
standing of  the  nature  of  gravity.  You  see  that  the  force  of 
gravity  on  an  object  depends  not  upon  the  size  or  volume  of 
the  material,  but  upon  the  mass,  that  is,  the  quantity  of 
material.  Evidently  there  is  much  more  material  in  a cubic 
foot  of  platinum  than  there  is  in  a cubic  foot  of  cork.  (How 
many  times  as  much?) 

In  earlier  units  you  have  considered  air  pressure  and  water 
pressure,  and  you  have  perhaps  wondered  about  the  relation 
of  the  force  of  gravity  on  air  and  water  and  the  pressure  of 
these  fluids.  The  relation  is  very  simple.  The  downward 
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force  of  a cubic  foot  of  water,  for  example,  is  the  weight  of 
the  entire  cubic  foot  of  water,  or  62.4  pounds.  Since  this 
force  is  exerted  against  a square  foot,  we  may  say  that  the 
pressure  is  62.4  pounds  per  square  foot. 

In  stating  pressure  it  is  necessary  to 
give  the  area;  that  is,  pressure  is  the 
force  exerted  upon  a unit  of  area. 

Thus,  the  pressure  per  square  inch  at 
the  bottom  of  a cubic  foot  of  water  is 
62.4  pounds  divided  by  144  (the  number 


6" 


OTAL  ffORCE 
(WEIGHT)  80  LB. 


6%  LB.  PRESSURE 


20  LB.  PRESSURE 


Fig.  329.  Diagram  to  illustrate  pressure.  Both  blocks  exert  an  equal 
force.  The  pressure  per  square  inch,  however,  differs  according  to  the 
side  on  which  the  block  rests. 


of  square  inches  in  a square  foot)  or  .43  pound.  If  the  water 
is  two  feet  deep,  the  pressure  per  square  foot  is  124.8  pounds, 
or  .86  pound  per  square  inch.  Thus,  the  weight  of  any  ma- 
terial represents  the  entire  downward  force ; but  pressure  means 
the  downward  force  on  a certain  area,  such  as  a square  inch. 

Since  solids,  liquids,  and  gases  are  attracted  by  the  earth 
according  to  their  masses  or  specific  gravities,  it  is  easy  to 
understand  why  they  exert  different  pressures.  Air,  as  you 
recall,  exerts  a pressure  of  fifteen  pounds  per  square  inch. 
This  is  the  pressure  of  a column  of  air,  as  high  as  the  air 
extends,  over  one  square  inch  of  surface.  In  the  case  of  water 
it  would  require  only  a depth  of  34  feet  to  exert  15  pounds 
pressure  per  square  inch.  A block  of  iron  only  4.4  feet  high 
would  exert  a pressure  of  15  pounds  on  every  square  inch  at 
the  bottom  of  the  block.  If  you  understand  how  the  pressure 
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of  materials  varies  with  the  kind  and  depth  of  the  material, 
you  have  further  insight  into  the  way  gravity  works. 

Naturally,  when  material  is  piled  upon  material,  as  is  true 
in  the  case  of  large  buildings,  or  of  water  in  a large  dam,  or  of 

the  air  around  the  earth,  the 
total  force  at  the  bottom  is  the 
result  of  the  pull  of  gravity  on 
all  of  the  material.  If  the 
material  is  of  equal  depth 
throughout,  the  pressure  per 
square  foot  is  the  total  weight 
divided  by  the  number  of 
square  feet  of  the  surface  on 
which  the  entire  weight  rests. 

Gravity  is  a force  which 
man  finds  it  necessary  to  over- 
come in  his  daily  tasks.  Much 
of  our  work  has  to  be  done 
because  this  force  is  always 
acting.  In  lifting  objects,  in 
loading  cars  and  trucks,  in 
constructing  buildings  and 
bridges,  in  flying  with  diri- 
gibles and  airplanes,  and  in  a 
thousand  and  one  other  ac- 
tivities, we  must  overcome 
the  force  of  gravity  by  the  use 
of  some  other  force,  with  or 
without  the  use  of  mechanical 
devices.  Gravity  is  also  an  aid 
to  man.  Its  action  causes  ob- 
jects to  remain  where  we  place 
them,  rain  to  fall,  water  to 
run  downhill  and  to  turn  water  wheels,  and  winds  to  turn 
windmills.  In  many  other  ways  it  helps  man  to  do  his  daily 
work  (Figure  330). 


Fig.  330.  In  the  operation  of  the 
pile  driver  man  uses  steam  to  over- 
come the  force  of  gravity  to  lift  the 
heavy  weight,  and  utilizes  the  force 
of  gravity  when  the  weight  falls  and 
drives  the  pile  into  the  ground. 


USE  OF  SIMPLE  MACHINES 


449 


Suggested  Activity.  Consult  a textbook  of  physics  or  an  ency- 
clopedia for  information  concerning  the  origin,  nature,  and  advan- 
tages of  the  metric  system.  Prepare  a report  to  be  given  in  class. 

Self-testing  exercise  1.  From  your  study  of  this  unit  and  pre- 
ceding units,  state  as  many  ways  as  you  can  by  which  man  makes 
use  of  his  knowledge  of  gravity  in  everyday  life.  Thus: 

1.  Man  uses  barometers  to  measure  air  pressure  and  predict  weather. 

2.  Man  ventilates  his  buildings  by  allowing  cold  air  to  displace  the 
lighter  warm  air. 

What  is  the  nature  of  inertia?  Did  you  ever  try  to  push  an 
automobile  and  find  that  it  took  more  force  to  get  it  started 
than  it  did  to  keep  it  going?  If 
you  did,  you  know  something 
about  one  kind  of  inertia,  that 
is,  the  tendency  of  a body  to 
remain  at  rest.  A simple  experi- 
ment will  make  clear  to  you  this 
inertia  of  rest. 

Experiment  90.  Do  bodies  tend 
to  remain  at  rest?  (a)  Place  a coin 
on  a small,  smooth  card  and  rest  the 
card  on  the  end  of  your  finger  so  that  the  coin  is  directly  above  the 
finger  tip  (Figure  331).  Snap  the  card  off  your  finger,  leaving  the 
coin  to  rest  on  your  finger. 

(&)  Make  a stack  of  several  books.  Between  the  two  books  at  the 
bottom  of  the  pile  place  a sheet  of  paper.  Jerk  the  paper  from  between 
the  books  without  upsetting  the  pile  of  books. 

This  simple  experiment  shows  that  objects  tend  to  remain 
in  position.  The  heavier  the  object,  the  greater  is  the  inertia. 
It  is  the  inertia  of  rest,  or  the  property  of  matter  that  tends 
to  resist  motion,  that  explains  many  happenings,  such  as  the 
difficulty  in  starting  a train,  your  falling  when  standing  in 
a train  which  suddenly  starts,  and  the  hard  pull  necessary 
to  start  a heavy  roller  on  the  lawn  or  tennis  court. 

Did  you  ever  try  to  stop  a moving  automobile  or  someone 
in  a swing  and  notice  how  the  moving  object  tended  to  go  on 
moving?  Here  you  have  illustrations  of  a second  kind  of 


Fig.  331.  Experiment  90. 
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inertia,  the  inertia  of  motion,  that  is,  the  tendency  of  objects 
to  remain  in  motion  in  the  same  direction  and  at  the  same 
speed.  Thus,  a moving  car  continues  to  move  along  a level 
track  unless  the  brakes  are  applied,  and  an  automobile  in 
turning  a corner  sometimes  skids,  and  even  leaves  the  road 
in  the  direction  of  its  motion.  Can  you  think  of  other  cases 


Fig.  332.  Banked  curves  in  railroads  and  highways  make  possible  a 
change  in  direction  of  motion  of  swiftly  moving  vehicles.  They  help 
overcome  the  inertia  of  motion. 


where  a moving  object  tends  to  go  on  moving  in  the  same 
direction  and  with  the  same  speed? 

Both  kinds  of  inertia  have  advantages  and  disadvantages. 
It  is  naturally  to  our  advantage  to  have  bodies  remain  where 
we  put  them.  Paddles,  oars,  and  propellers  could  not  push 
forward  a boat  or  ship  if  the  water  did  not  have  inertia  of 
rest.  On  the  other  hand,  this  tendency  of  materials  to  remain 
at  rest  requires  extra  human  strength  or  other  extra  force  to 
cause  things  to  move.  The  inertia  of  motion  saves  force  in 
keeping  things  moving  and  therefore  has  advantages.  The 
disadvantage  of  inertia  of  motion  is  that  much  force  must 
be  used  to  stop  things  which  are  moving. 

One  interesting  kind  of  inertia,  called  centrifugal  force, 
you  have  already  considered  (page  191).  This  tendency  of 
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the  parts  of  a rotating  body  to  move  farther  from  the  centre 
of  the  body  explains  the  outward  pull  of  a whirling  object, 
such  as  a stone  in  a sling.  The  faster  the  object  rotates, 
the  harder  is  the  outward  pull.  It  is  this  centrifugal  force 
that  man  puts  to  use  in  such  mechanical  devices  as  rotating 
water  pumps,  vacuum  cleaners,  and  cream  separators. 

What  is  the  nature  of  certain  forces  within  materials?  If 
you  have  ever  tried  to  split  a block  of  wood,  to  drive  a chisel 
through  iron,  or  to  break  some  kinds  of  stone,  you  know  that 
each  of  these  materials  possesses  the  property  of  holding 
together.  The  attraction  between  the  molecules  of  a substance 
is  called  cohesion.  This  force  is  so  great  in  certain  substances 
that  it  becomes  necessary  when  trying  to  overcome  the 
force  to  use  axes,  chisels,  wedges,  hammers,  and  other 
mechanical  devices.  Human  strength  is  not  great  enough 
to  overcome  the  cohesive  force  within  certain  solids. 

You  have  observed  that  certain  solids,  like  rubber,  wood, 
and  steel,  are  not  only  hard  to  separate,  but  they  also  spring 
back  to  their  original  form  when  they  are  stretched  or  bent. 
Thus,  a rubber  band  may  be  stretched  by  exerting  a force  on 
it,  but  it,  in  turn,  exerts  a force  to  return  to  its  original  shape 
j or  form.  Similarly,  the  wood  in  a bow  or  springboard  may  be 
I bent,  or  a steel  spring  may  be  coiled,  but  in  each  case  the 
I material  exerts  a force  to  regain  its  original  form.  This 
I elasticity,  or  elastic  force,  that  is,  the  force  of  certain  mate- 
' rials  to  return  to  their  former  size  or  shape,  is  one  of  the 
natural  forces  that  man  must  overcome  and  that  he  can  use. 
This  force  is  a molecular  force,  an  attraction  between  the 
molecules  of  the  materials. 

Within  gases  the  molecules  are  relatively  far  apart,  and  the 
attractive  forces  are  not  great  enough  to  hold  the  molecules 
in  any  definite  arrangement.  Instead,  the  molecules  move 
about  at  great  speed.  If  the  gas  is  confined  in  a container, 

1 the  millions  of  molecules  strike  the  container  and  exert  an 
outward  force.  In  an  automobile  tire  the  outward  force 
i of  the  air  molecules  is  great  enough  to  lift  the  automobile. 
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or  even  to  burst  the  tire.  Again,  in  a steam  engine  the 
molecules  of  steam  exert  enough  force  to  pull  a train  attached 
to  the  engine.  When  heat  is  applied  to  a gas  in  a confined 
space,  the  molecules  increase  their  speed  and  exert  greater 
force.  This  expansive  force  of  gases  is  another  natural  force 
which  man  has  learned  to  use  and  control. 

In  certain  materials,  such  as  gunpowder,  dynamite,  or  a 
mixture  of  a combustible  gas  and  air,  man  has  discovered 
forces  of  great  use.  These  materials  burn  at  very  great  speed, 
producing  gases.  The  intense  heat  of  the  combustion  causes 
the  molecules  of  the  gases  to  increase  their  speed  and  to 
exert  an  enormous  outward  force.  This  force,  another  illus- 
tration of  the  expansive  force  of  gases,  is  used  in  guns  to  hurl 
bullets  or  shells;  it  finds  use  in  mining  or  quarrying  to  break 
stone  or  coal;  and  it  operates  the  gas  engines  in  our  auto- 
mobiles, on  our  farms,  and  in  our  factories. 

Thus  you  see  that  there  are  several  kinds  of  forces  within 
materials,  such  as  cohesion,  elasticity,  and  the  force  of  mov- 
ing molecules,  that  are  dependent  upon  the  kinds  of  mole- 
cules of  which  the  material  is  made. 

Self-testing  exercise  2.  In  a single  sentence  describe  the  nature 
of  each  force  discussed  in  this  problem. 

Problem  2:  How  Are  Work  and  Energy  Related? 

Study  Suggestion.  Scientists  are  accurate  in  their  definitions 
and  uses  of  terms.  In  this  problem  you  should  come  to  know  (1)  the 
scientific  meaning  of  work,  (2)  the  scientific  meaning  of  energy,  and 
(3)  the  relation  between  work  and  energy. 

What  is  work?  To  the  scientist  the  term  work  means  exert- 
ing a force  through  a distance;  that  is,  the  force  must  move 
something,  or  no  work  is  done.  If  by  pulling,  pushing,  or 
lifting  you  succeed  in  moving  an  object,  you  do  work.  You 
would  not,  however,  do  work  in  lifting,  pulling,  or  pushing 
on  a house,  an  automobile,  or  other  large  object  which  you 
could  not  move.  You  would  not,  in  these  cases,  accomplish 
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anything.  This  gives  you  a new  meaning  of  the  word  work. 
Work,  you  see,  includes  two  factors:  force  and  distance. 

The  amount  of  work  which  is  done  depends  upon  the  force 
which  is  used  and  the  distance  through  which  the  force  is 
exerted.  For  example,  if  you  lift  a 50-pound  sack  of  sugar 
from  the  floor  to  a table  three  feet  high,  you  do  more  work 
than  when  you  lift  a 25-pound  sack  of  sugar  to  the  same 
height,  or  when  you  lift  a 50-pound  sack  to  a stand  one  foot 
high.  The  force  used  and  the 
distance  through  which  the  force 
acts  determine  the  amount  of 
work  done. 

In  measuring  the  amount  of 
work,  scientists  have  certain 
units.  The  unit  of  work  must  be 
a combination  of  a unit  of  force 
and  a unit  of  distance,  since  both 
force  and  distance  are  included 
in  work.  The  unit  of  work  in  the 
English  system  is  the  foot-pound. 

Thus,  if  you  move  or  lift  an  ob- 
ject one  foot  with  a push  or  pull 
of  one  pound,  you  do  one  foot- 
pound of  work  (Figure  333).  If 
you  lifted  two  pounds  of  material  to  a height  of  one  foot, 

I you  would  do  two  foot-pounds  of  work.  Lifting  10  pounds 
I to  a height  of  five  feet  would  require  50  foot-pounds  of  work, 
or  pulling  on  a sled  with  a force  of  20  pounds  for  100  feet 
' would  require  2000  foot-pounds. 

f You  might  think  that  the  speed  with  which  you  move  an 
I object  is  a factor  in  determining  how  much  work  is  done, 
j This  is  not  true.  Whether  a 200-pound  man  runs  up  a stairs 
j to  a height  of  30  feet  or  walks  up  slowly  makes  no  difference 
in  the  amount  of  work  done.  It  may  make  him  more  tired 
to  run  up  the  stairs,  but  he  accomplishes  exactly  the  same 
amount  of  work  in  either  case:  He  lifts  200  pounds  to  a 


Fig.  333.  How  much  work  is 
done  in  lifting  (1)  the  one-pound 
bag  up  to  a?  To  6?  (2)  The 
two-pound  bag  up  to  a?  To  b? 
(3)  The  five-pound  bag  up  to  b? 
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height  of  30  feet.  The  rate  of  doing  work  does  not  determine 
the  amount  of  work  done. 

In  the  metric  system,  as  you  recall,  the  gram  is  the  unit  of 
force.  Table  15  and  Figure  334  will  acquaint  you  with  the 
units  of  distance  in  the  metric  system;  they  also  give  a com- 
parison of  these  units  and  the  English  units  of  distance. 


2^54  Centimetres  30.;48  Centimetres  100  Centimetres 
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A YARD  STICK 
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39.37  Inches 

F iG.  334.  How  much  longer  is  the  metre  than  the  yard  ? How  many  centi- 
metres are  there  in  one  foot?  Compare  the  figure  with  Table  15. 


Note  from  Figure  334  that  one  metre  equals  100  centimetres. 
The  metric  unit  of  work  is  the  gram-centimetre.  If  you  exert 
a force  of  one  gram  through  a distance  of  one  centimetre,  you 
do  one  gram-centimetre  of  work.  Lifting  25  grams  to  a height 


of  10  centimetres  requires  250  gram-centimetres. 

TABLE  15.  English  and  Metric  Units  of  Distance 

English  to  Metric 

Metric  to  English 

1 inch  (in.)  =2.54  centimetres  (cm., 
or  25.4  millimetres  (mm.) 

1 foot  (ft.)  =30.48  centimetres  (cm.) 

1 mile  (m.)=1.61  kilometres  (km.) 

1 centimetre  (cm.)  = .39  inch  (in.) 

1 metre  (m.)  =39.37  inches  (in.) 

1 kilometre  (km.)  = .62  mile  (m.) 

Self-testing  exercise  3.  (a)  How  many  foot-pounds  of  work  are 

done  when  you  climb  a stair  50  feet  high? 

(5)  How  many  gram-centimetres  of  work  are  done  when  a weight 
of  2500  grams  is  lifted  one  metre? 

(r)  A winding  road  1200  feet  long  leads  up  a hill  100  feet  high. 
A horse  pulls  a load  of  coal  weighing  one  ton  to  the  top  of  the  hill. 
To  do  this,  the  horse  must  exert  a constant  pull  of  200  pounds. 
(1)  How  much  work  does  the  horse  do  in  pulling?  (2)  How  much 
work  is  really  accomplished  by  raising  a load  of  one  ton  100  feet? 
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What  is  energy?  In  Units  IV  and  VI  you  learned  that 
certain  foods,  when  oxidized  in  the  human  body,  produce 
heat  and  also  muscular  energy  for  the  body  activities.  You 
have  also  seen  that  the  energy  of  moving  water  can  move 
large  rocks,  and  the  energy  of  moving  air  can  move  trees  and 
even  large  buildings.  You  have  also  considered  heat  as  a 
form  of  energy.  In  all  references  to  energy  you  have  prob- 
ably observed  that  each  kind  is  able  to  move  something,  that 
is,  to  exert  a force  through  a distance.  Thus,  your  muscular 
energy  can  lift  you  upward  against  the  force  of  gravity,  and 
heat  can  expand  steam  and  pull  a train.  It  is  clear,  then, 
that  energy  can  do  work.  The  scientist  defines  energy  as  the 
capacity  to  do  work.  From  this  definition  you  should  under- 
stand the  relation  between  energy  and  work. 

As  you  study  different  kinds  of  energy,  you  find  that  they 
are  not  all  alike.  Foods,  gunpowder,  fuels,  and  storage  bat- 
teries, for  example,  possess  energy,  as  you  know,  for  they  can 
produce  motion  when  they  undergo  chemical  changes.  An 
object,  such  as  a rock,  a pile-driver,  a clock  weight,  or  a 
human  being,  when  in  a certain  position,  can  fall  or  move 
toward  the  earth.  In  so  doing  it  can  exert  a force  through  a 
distance,  moving  other  objects  as  it  goes.  A coiled  clock  spring, 
a bent  bow,  a bent  springboard,  or  a stretched  rubber  band 
can  move  objects,  and  therefore  possesses  energy.  In  all  of 
the  cases  mentioned  in  this  paragraph,  the  materials  possess 
energy  because  of  their  chemical  composition,  their  position, 
or  their  condition.  This  kind  of  energy  is  called  potential 
energy,  or  stored  energy. 

Another  kind  of  energy  is  known  as  kinetic  energy.  Any 
material  or  object  in  motion,  such  as  a meteor,  a baseball 
bat,  an  automobile,  a train,  a cannon  ball,  molecules  of 
steam,  molecules  of  gas  in  a gas  engine,  an  airplane,  a falling 
body,  falling  or  running  water,  air  as  wind,  or  a current  of 
electricity,  can  cause  another  material  to  move.  This  kinetic 
energy,  or  energy  of  motion,  is  sometimes  known  as  active 
energy.  Other  terms  used  to  describe  energy  are  chemical 
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energy,  heat  energy,  electrical  energy,  mechanical  energy,  and 
muscular  energy.  These  terms  help  us  to  state  the  sources  of 
the  energy,  but  all  of  the  examples  of  each  may  be  classified 
under  the  two  headings:  potential  and  kinetic. 

Can  one  kind  of  energy  be  converted  into  another  kind? 
You  have  learned  that  the  energy  from  the  sun  may  change 
to  chemical  energy  in  the  wood  and  food  manufactured  by 
plants,  the  chemical  energy  in  the  wood  or  food  may  change 
to  heat  when  the  wood  burns  or  the  food  oxidizes,  the 


Fig.  335.  Trace  the  changes  in  energy  that  take  place  from  the  coal  under 
the  boiler  to  the  steam  engine,  to  the  dynamo,  to  the  lights,  and  other 
electrical  devices  in  the  house. 


heat  from  wood  may  produce  steam,  the  energy  of  steam 
may  run  a dynamo,  the  electrical  energy  from  the  dynamo 
may  run  a motor  and  produce  mechanical  energy,  or  it  may 
change  to  heat  or  light  when  used  in  electric  heaters  or 
electric  lights  (see  Figure  335).  Can  you  state  additional 
examples  of  how  one  form  of  energy  is  converted  into 
another? 

The  answer  to  your  question  can  be  stated  in  broader 
terms  if  you  consider  the  two  principal  kinds  of  energy: 
potential  and  kinetic.  The  potential  energy  of  a heavy  weight 
or  of  the  water  at  the  top  of  a waterfall  is  changed  to  kinetic 
energy  as  the  material  falls.  Similarly,  the  potential  energy 
of  a bent  bow  or  of  the  coiled  spring  in  a clock  is  changed  to 
the  kinetic  energy  of  the  flying  arrow  or  of  the  moving  parts  of 
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the  clock.  Likewise,  the  kinetic  energy  of  running  water  may 
be  used  to  generate  electricity,  and  this  may  in  turn  run  a 
motor  used  to  lift  heavy  objects,  thus  giving  them  potential 
energy.  You  see  that  potential  energy  can  be  transformed 
into  kinetic  energy,  and  kinetic  energy  can  be  transformed 
into  potential  energy. 

After  long  study  of  the  possibilities  of  transforming  one 
form  of  energy  into  another,  scientists  have  stated  a law 
which  says  that  energy  can  he  transformed,  hut  it  can  never  he 
destroyed  or  created.  There  is,  according  to  the  present  judg- 
ment of  scientists,  the  same  amount  of  energy  in  the  world 
at  all  times,  but  it  is  constantly  changing  or  being  changed  by 
man  from  one  form  to  another. 

Suggested  Activity.  Visit  a factory  or  power  plant  to  see  how 
many  cases  of  transformation  of  energy  you  can  find. 

Self-testing  exercise  4.  (a)  State  in  a short  paragraph  what  you 
consider  to  be  the  relationship  between  work  and  energy  in  their 
scientific  sense. 

(&)  Give,  in  sentence  form,  as  many  examples  as  you  can  to  show 
how  one  kind  of  energy  may  be  transformed  into  another  kind,  thus: 

1.  Radiant  energy  from  the  sun  is  changed  to  heat  energy  when  it  is 
absorbed  by  a material. 

2.  Electric  energy  is  transformed  to  light  energy  by  means  of  an 
electric-light  bulb. 

Problem  3:  How  Do  Simple  Machines  Work? 

Study  Suggestion.  In  this  problem  you  will  consider  many 
kinds  of  simple  machines  which  man  uses  to  put  forces  to  work  or 
to  overcome  forces  which  are  acting.  Try  to  find  in  what  respect 
these  simple  machines  are  all  alike. 

What  is  a simple  machine?  Usually  you  think  of  a machine 
as  a complicated  sort  of  thing  like  a sewing  machine  or  an 
automobile.  These  are  machines,  but  they  are  combinations 
of  many  simple  machines,  as  you  will  learn  in  this  problem. 
Let  us  consider  some  simple  machines  to  see  how  they  work, 
and  then  answer  our  question. 
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Perhaps  the  inclined  plane  is  more  easily  understood  than 
any  other  simple  machine.  Let  us  see  how  it  works. 

Experiment  91.  How  does  an  inclined  plane  work?  {a)  Get  a 

smooth  board  a foot  wide  and  eight  feet  long.  Support  one  end  of 
the  board  two  feet  above  the  table,  allowing  the  other  end  to  rest 
on  the  table.  Provide  also  two  sets  of  small  wheels,  a box,  and  some 
iron  weights  or  stones.  Place  the  weights  or  stones  in  the  box  and 
weigh  the  box  and  its  contents.  Also  weigh  the  wheels.  Attach  a 
string  to  the  box  and  place  the  box  on  the  wheels  at  the  lower  end 

of  the  board.  With  a spring  bal- 
ance slowly  pull  the  box  on  wheels 
and  its  contents  up  the  board 
(Figure  336).  Read  the  balance 
while  you  are  pulling  the  load. 
Record  the  total  weight  of  the 
load  and  also  the  force  necessary 
to  move  the  load  up  the  inclined 
plane. 

{h)  What  was  the  weight 
lifted?  How  high  was  it  lifted? 
What  force  was  required?  How  much  work  was  done  by  you?  How 
much  useful  work  did  the  machine  do?  What  is  the  advantage  of  using 
such  a machine?  Write  a report  on  the  experiment,  answering  these 
questions  as  a part  of  your  report. 

Experiment  91  shows  that  the  inclined  plane  allows  you 
to  lift  a heavy  object  with  a small  force,  but  that  you  must 
move  the  force  through  a greater  distance  than  the  weight 
is  lifted.  You  note,  too,  that  the  work  you  did  on  the  machine 
is  greater  than  the  work  done  by  the  machine.  This  is  because 
the  bearings  of  the  wheels  rub  together  and  because  the 
roughnesses  on  the  rims  of  the  wheels  and  on  the  plane  strike 
each  other.  The  resistance  to  motion  caused  in  this  way  is 
known  as  friction.  Some  of  the  force  applied  is  used  to  overcome 
this  friction.  If  there  were  no  friction,  it  would  require  a force 
one-fourth  as  great  as  the  weight,  for  the  distance  through 
which  the  force  acts  is  four  times  as  great  as  the  distance  the 
weight  is  lifted.  Such  a machine  has,  then,  a mechanical 


Fig.  336.  Experiment  91. 
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advantage  of  four,  because  the  weight  is  four  times  as  great 
as  the  force  required  to  lift  it. 

A common  example  of  the  inclined  plane  is  seen  in  the 
plank  with  which  a man  is  able  to  raise  a heavy  barrel  into 
a wagon  (Figure  337).  Without  the  plank  the  man  could  not 
lift  the  barrel.  With  the  machine  he  is  able  to  roll  the  heavy 
object  into  the  wagon.  The  force  in  pounds  necessary  to  push 
it  up  the  plank,  or  inclined  plane,  is  far  less  than  the  weight 
of  the  barrel. 

Self-testing  exercise  5. 

Make  a drawing  of  an  inclined 
plane  which  could  be- used  to 
place  an  automobile  on  a flat 
car  by  using  a force  less  than 
the  weight  of  the  automobile. 

From  your  drawing  find  the 
approximate  force  that  must 
be  exerted  if  the  automobile 
weighs  3000  pounds. 

A Greek  scientist  once  said  that  if  he  had  a pole  long 
enough  and  strong  enough,  and  if  he  had  a place  on  which 
' to  rest  it,  he  could  lift  the  earth.  He  had  just  discovered 

how  to  use  a lever.  Since  his  time 
many  different  kinds  of  levers  have 
been  used. 

Experiment  92.  How  does  a lever 
work?  Balance  a metre  stick  or  a yard 
stick  above  a table  by  means  of  a string 
! attached  at  the  middle  (Figure  338).  Hang  a large  weight  on  the  stick 
! a few  inches  from  the  support.  On  the  other  side  of  the  support,  or 
fulcrum,  hang  a known  weight  (about  one-fifth  as  great  as  the  large 
i weight)  at  such  point  on  the  stick  that  the  small  weight  just  causes 
1 the  balance  to  tip,  lifting  the  larger  weight.  Bring  the  balance  to  a 
[ horizontal  position  and  measure  the  distance  of  the  weights  above 
I the  table.  Now  allow  the  balance  to  tip  until  the  small  weight  just 
1 touches  the  table. 
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Fig.  338.  Experiment  92. 


Fig.  337.  The  man  cannot  lift  the 
barrel  of  salt  into  the  wagon ; it  weighs 
300  pounds.  To  roll  it  up  requires  a 
force  of  only  150  pounds. 
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If  the  small  weight  is  considered  the  force,  how  far  did  the  force 
move?  How  far  was  the  weight  (the  larger  weight)  lifted?  What 
was  the  work  in,  that  is,  the  work  put  into  the  machine? 
What  was  the  work  out,  that  is,  the  work  done  by  the  machine? 
What  advantage  has  such  a machine?  What  is  the  mechanical 
advantage  of  the  machine?  Shift  the  large  weight  to  another  position 

and  repeat  the  experiment,  answering 
the  same  questions  for  the  second  trial. 


First  class 


Fig.  339.  In  the  third-class 
lever  the  fulcrum  end  must  be 
held  down. 


You  can  readily  see  that  levers 
may  be  of  three  different  kinds, 
as  shown  in  Figure  339.  The  first- 
class  lever  has  the  fulcrum  between 
the  weight  or  resistance  and  the 
force.  The  second-class  lever  has 
the  weight  or  resistance  between 
the  fulcrum  and  the  force.  The 
third-class  lever  has  the  force  be- 
tween the  weight  or  resistance  and  the  fulcrum. 

In  every  lever  of  the  first  class  the  force  is  applied  at  one 
side  of  the  fulcrum,  and  the  object  lifted  or  the  resistance 
overcome  is  on  the  opposite  side.  Many  common  devices 
belong  to  this 
class,  such  as  the 
tack-puller, 
shears,  pliers, 
pry-pole,  and  tee- 
ter-totter. When 
the  distance  be- 
tween the  force  pry-pole — a first-class  lever, 

and  the  fulcrum 

is  greater  than  the  distance  between  the  weight  or  the  resist- 
ance and  the  fulcrum,  the  mechanical  advantage  of  the  lever 
is  more  than  one.  This  is  true  because  the  force  is  exerted 
through  a greater  distance  than  the  weight  or  resistance  is 
moved.  Thus  a long  pry-pole  (Figure  340)  has  a great  me- 
chanical advantage.  When  the  weight  and  the  force  are  at 
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the  same  distance  from  the  fulcrum,  the  mechanical  advan- 
tage is  one,  as  in  the  case  of  the  balance  shown  in  Figure  341. 

In  second-class  levers,  such  as  the  wheelbarrow  and  the 
post-puller  shown  in  Figure  342,  the  mechanical  advantage 
is  always  more  than  one.  The  force  always  moves  through  a 


Fig.  341.  The  drawing  at  the  right  shows  the  lever  resting  on  the  support, 
and  the  pans  at  each  end  of  the  lever. 


greater  distance  than  the  weight  moves.  The  force  therefore  is 
less  than  the  weight  or  resistance. 

Third-class  levers  always  have  a mechanical  advantage  of 
less  than  one.  The  force  must  be  greater  than  the  weight 
or  resistance,  since  it  moves  through  a smaller  distance  than 


* Fig.  342.  Second-class  levers.  The  solid  arrows,  marked  “Fo.,”  show  the 
direction  in  which  the  force  is  exerted.  “ W”  and  “ R”  indicate  weight  and 
resistance. 


the  weight.  Still,  third-class  levers  can  be  used  to  advantage. 
They  make  it  possible  for  any  object  to  be  moved  a greater 
'distance  than  the  force  moves.  A crane  (Figure  343)  allows 
a force  which  moves  slowly  and  through  a distance  of  only 
a few  feet  to  move  an  object  rapidly  through  a great  dis- 
I tance.  Machines  of  this  kind  have  a mechanical  advantage  oj 
. distance  or  speed. 
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You  see  from  your  study  of  the  lever  and  the  inclined  plane 
that  the  same  principle  of  the  accomplishment  of  work 
applies  to  both  kinds  of  machines:  Weight  times  distance 
equals  force  times  distance,  when  friction  is  neglected.  Any 
friction  among  the  moving  parts,  of  course,  increases  the 
amount  of  force  required. 

Self-testing  exercise  6.  (a)  A man  has  a pry-pole  10  feet  long 

(Figure  340).  He  uses  it  as  a first-class  lever  to  lift  a log,  one  end 

of  which  weighs  1000 
pounds.  The  fulcrum  is 
one  foot  from  the  end  un- 
der the  log.  What  force 
must  he  exert  to  raise  the 
log?  Bear  in  mind  that 
the  log  is  lifted  only  one- 
ninth  as  far  as  the  force  is 
exerted,  because  the  dis- 
tance from  the  fulcrum  to 
the  force  is  nine  times  as 
great  as  the  distance  from 
the  log  to  the  fulcrum. 

(&)  To  which  class  does 
each  of  the  levers  in  Fig- 
ure 344  belong?  Why? 
List  each  device,  and  op- 
posite it  state  whether  it 
is  a lever  of  the  first  class, 
second  class,  or  third  class. 

You  have  seen  combinations  of  pulleys  used  to  lift  objects, 
to  pull  boats  out  of  the  water,  to  operate  cranes  and  derricks, 
and  to  move  machinery.  The  simplest  pulley  is  a fixed  pulley 
(Figure  345).  Its  only  advantage  is  to  change  the  direction 
of  the  force,  but  even  this  is  of  great  importance.  You  can, 
for  example,  lift  an  object  to  an  upper  story  of  a building  by 
means  of  a pulley  and  a rope.  You  can  use  your  weight  to 
pull  downward,  moving  the  object  upward.  The  force  is 
practically  equal  to  the  weight,  and  one  moves  as  far  as 


Fig.  343.  The  force  is  exerted  near  the 
upper  end  of  the  crane,  as  shown  in  the 
drawing.  Compare  this  with  Figure  339 
(third-class)  so  that  you  will  understand 
how  it  works. 


Fig.  344.  To  which  class  does  each  of  these  everyday  levers  belong?  Why? 
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the  other.  Why  is  this  true  ? If  there  were  no  friction,  the 
force  required  and  the  weight  moved  would  be  equal. 

Experiment  93.  How  can  different  systems  of  pulleys  be  ar- 
ranged? (a)  Set  up  a pulley  as  shown  at  the  left  in  Figure  346,  and 
hang  an  equal  weight  on  each  side.  If  you  consider  one  weight  the 
force  and  the  other  the  weight  or  resistance,  you 
see  that  they  are  equal  and  move  the  same  dis- 
tance. If  you  wish  to  move  the  weight,  it  is 
necessary  to  add  a little  more  force  to  overcome 
the  friction. 

(b)  Arrange  a pulley  as  shown  in  the  middle 
of  Figure  346,  using  a spring  balance.  Weigh  the 
weight  and  pulley.  Now  lift  the  weight  and  pulley 
by  pulling  upward  on  the  balance,  and  read  the 
balance  as  you  move  it  upward.  See  how  far  the 
weight  is  lifted  by  moving  the  balance  one  foot. 
How  does  the  relation  of  these  distances  compare 
with  the  number  of  strands  of  rope  which  support 
the  pulley  to  which  the  weight  is  attached?  What 
is  the  mechanical  advantage  of  such  an  arrange- 
ment? 

(c)  Set  up  a four-strand  pulley  system  as  shown 
at  the  right  in  Figure  346.  This  is  commonly 
called  a block  and  tackle.  Experiment  with  this  as 
you  did  with  the  two-strand  system. 

Suggested  Activity.  If  pulleys  are  available 
in  your  science  room,  set  up  a pulley  system  having  a mechanical 
advantage  of  six.  Determine  the  actual  relation  between  the  weight 
and  the  force. 

Self-testing  exercise  7.  (a)  Why  is  a 

single  fixed  pulley  ever  used  if  it  has  a 
mechanical  advantage  of  only  one? 

{b)  Draw  the  following  systems  of 
pulleys:  3-strand,  4-strand,  5-strand, 

6-strand,  7-strand.  (Study  Figure  347 
for  help  in  drawing  these  systems.) 

(c)  The  mechanical  advantage  of  a set  of  pulleys  is  equal  to  the 
number  of  strands  supporting  the  movable  pulley,  friction  neglected. 


Fig.  346.  Pulley  systems. 


Fig.  345.  A single 
fixed  pulley. 
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Why  is  this  true?  Give  the  mechanical  advantage  of  each  system 
of  pulleys  shown  in  Figure  347. 

The  wheel  and  axle  is  one  of  the  oldest  of  the  simple  machines 
used  by  man.  It  finds  a great  variety  of  uses  in  the  form  of 
such  machines  as  cranks  of  automobiles,  coffee  grinders,  egg 


Fig.  347.  Different  pulley  systems.  In  the  systems  which  have  two, 
four,  or  six  strands  supporting  the  movable  pulley  and  the  weight,  is  the 
tied  end  of  the  rope  fastened  to  the  movable  or  to  the  fixed  pulley? 


beaters,  clothes  wringers,  and  churns  (Figure  351).  The 
windlass  (Figure  348)  and  the  capstan  (Figure  349)  are 
wheels  and  axles  that  are  commonly  used  to  pull  heavy  loads. 
By  examining  Figure  348  you 


can  see  how  the  wheel  and  axle 
works.  As  the  force  moves  the 
handle  once  around,  the  weight 
is  moved  by  a distance  equal  to 
the  circumference  of  the  axle. 
Since  the  force  moves  much  far- 
ther than  the  weight  does,  you  see 
that  a small  force  can  move  a 
large  weight. 

The  circumference  of  a circle 
is  times  as  great  as  its  diam- 
eter. If  the  wheel  has  a diam- 
eter of  twenty-eight  inches  and 
the  axle  has  a diameter  of  seven 


Fig.  348.  A double  wheel  and 
a single  axle.  Two  men  can 
work  this  wheel  and  axle,  called 
a windlass.  It  must,  of  course, 
be  securely  staked  down  or 
bolted  to  keep  it  from  moving. 


inches,  how  far  does  the  force  move  in  making  one  turn  of 
the  wheel?  How  far  is  the  weight  moved?  How  do  these 
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distances  compare?  Note  that  the  comparison,  or  ratio,  is 
the  same  as  the  ratio  of  the  diameters  of  the  wheel  and 

the  axle. 

When  the  diameter  of  the 
wheel  is  greater  than  the 
diameter  of  the  axle,  the  me- 
chanical advantage  of  the 
machine  is  greater  than  one, 
and  the  force  must  move 
farther  than  the  weight  is 
moved.  Neglecting  friction, 
the  mechanical  advantage 
can  always  be  obtained  by 
dividing  the  diameter  of  the 
wheel  by  the  diameter  of 
the  axle,  or  by  dividing  the 
radius  of  the  wheel  or  the  length  of  the  crank  by  the  radius 
of  the  axle. 

Another  form  of  the  wheel 
and  axle  is  seen  in  a system  of 
pulleys  connected  by  belts,  as 
shown  in  Figure  350.  Such  an 
arrangement  is  often  used  to 
transmit  the  force  of  one  ma- 
chine to  another  part  of  the 
machine  or  to  a second  ma- 
chine. These  pulleys  are  belt 
pulleys  and  are  not  like  the 
ones  previously  described. 

The  pulleys  marked  P,  P\ 
and  P^'  are  attached  to  en- 
gines and  are  known  as  the 
power  pulleys.  Those  marked 
M,  and  are  attached 
to  the  machines  which  are  to  be  operated  by  the  engines. 

If  the  pulleys  are  of  the  same  size,  they  will  turn  at  the 


attached  to  the  engine  or  power 
device.  Each  of  the  lower  pulleys 
is  attached  to  the  machine  to  be 
operated.  The  belts  transmit  the 
power. 


Fig.  349.  A capstan.  One  man  holds 
the  rope  at  the  right  to  keep  it  from 
slipping;  other  men  turn  the  capstan 
by  means  of  the  bars,  and  the  rope  at 
the  left  (as  it  is  wound  on  the  axle) 
pulls  in  the  anchor.  Explain  the 
direction  of  the  arrows. 
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same  speed.  The  only  advantage  here  is  that  the  force  can  be 
transmitted  to  another  machine  some  distance  from  the  source 
of  power.  The  belt  may  be  twisted,  of  course,  as  in  the  middle 
drawing  of  Figure  350,  in  order  to  change  the  direction  in 
which  the  second  pulley  runs.  If  the  pulley  on  the  engine  is 
larger  than  the  one  attached  to  the  machine,  the  machine 
pulley  must  make  more  revolutions  than  the  engine,  or  power. 


Fig.  351.  Name  these  seven  everyday  wheel-and-axle  machines. 


pulley.  Similarly,  if  the  diameter  of  the  engine  pulley  is 
only  one-third  the  diameter  of  the  machine  pulley,  the  speed 
of  the  second  pulley  will  be  only  one-third  that  of  the  first. 
By  changing  the  sizes  of  the  pulleys  any  desired  speed  of 
the  second  pulley  may  be  obtained.  You  see  that  this  ar- 
rangement of  pulleys  is  really  a wheel  and  axle  used  to  govern 
the  speed  of  a machine. 

A very  common  form  of  the  wheel  and  axle  is  the  gear, 
which  serves  the  same  purpose  as  the  belt  pulleys  just  de- 
scribed. Years  ago  the  force  of  a machine  was  transmitted  to 
another  part  of  the  machine,  or  to  another  machine,  by 
means  of  two  smooth  cylinders  placed  against  each  other. 
The  friction  between  these  caused  the  second  one  to  turn  when 
the  first  was  revolved.  Because  they  slipped  easily,  wasting 
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power  and  making  the  speed  of  the  second  pulley  or  cylinder 
irregular,  the  cylinders  were  notched.  However,  these  notches 
soon  wore  off;  so,  teeth  were  cut  into  the  wheel  or  pulley, 
making  what  we  now  know  as  gear  wheels. 


Fig.  352.  This  arrangement  of  pulleys  and  gears  pumps  water  and  saws 
wood.  The  belt  drive  comes  from  a large  flywheel  of  a gas  engine. 

(a)  Why  does  the  pump-rod  move  up  and  down  as  the  belt  pulley  turns? 

(b)  In  which  direction  will  the  saw  rotate  (see  “shaft  to  saw”)?  Note 
the  small  arrow  to  the  left  of  the  belt  drive,  and  you  can  answer  this 
question,  (c)  How  many  revolutions  will  the  saw  make  for  one  turn 
of  the  belt  pulley  ? (Gear  A is  four  times  the  diameter  of  gear  B,  and 

gear  C is  two  times  the  diameter  of  gear  D.) 

Gear  wheels  are  used  in  a great  many  simple  devices,  as 
well  as  in  most  complex  machines.  If  you  examine  Figure  348, 
you  will  find  a small  gear  attached  to  the  shaft  of  the  wheel. 
This  gear  fits  into  a larger  one  on  the  axle.  By  such  arrange- 
ment the  force  from  the  handles  is  transmitted  to  the  axle. 
In  the  egg  beater,  the  clothes  wringer,  the  bicycle  sprocket 
(Figure  351),  and  in  the  wheel  jack  (Figure  344)  you  find 
other  simple  machines  which  make  use  of  gears  to  transmit 
the  force.  In  more  complex  machines,  like  an  automobile  or 
a grain  binder,  many  gears  may  be  found. 
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Figure  352  shows  how  belt  pulleys,  gears,  and  gear  chains 
may  be  used  to  transmit  power.  In  the  figure  the  large  gear 
(A)  is  driving  the  small  gear  (B).  Since  there  are  four  times 
as  many  cogs  on  the  large  wheel  as  on  the  small  wheel,  the 
small  wheel  will  turn  around  four  times  while  the  large  one 
goes  around  once.  Since  the  teeth  on  two  gear  wheels  which 
fit  together  must  be  of  the 
same  size,  it  is  easy  to  see  that 
the  diameter  of  the  wheels  gives 
us  the  relative  speed  of  the 
gears,  and,  therefore,  the  rela- 
tive speed  of  the  two  parts  of 
the  machine  to  which  the  gears 
are  attached.  This  is  true  be- 
cause the  ratio  of  the  two  di- 
ameters is  the  same  as  the  ratio 
between  the  number  of  cogs  on 
the  wheel.  The  common  forms 
or  types  of  the  gears  are  the  spur  gear,  the  bevel  gear,  and  the 
worm  gear  (Figure  353). 

Suggested  Activity.  Examine  various  machines  which  have 
gears  and  answer  the  following  questions:  (a)  Why  do  machines 
have  two  or  more  gear  wheels?  (b)  Why  must  the  cogs  of  two  gear 
wheels  like  those  in  Figure  348  be  of  the  same  size? 

Self-testing  exercise  8.  (a)  In  Figure  352  what  is  one  advantage 
of  a large  flywheel  on  the  engine  to  which  the  belt  (indicated  by 
“belt  drive”)  is  attached? 

(b)  If  the  crank  of  the  windlass  in  Figure  348,  page  465,  is  15 
inches  long  and  the  circumference  of  the  axle  is  15  inches,  how  far 
must  the  force  be  moved  to  lift  the  water  30  feet? 

(c)  Answer  the  questions  under  Figure  352. 

Screws  of  all  kinds,  such  as  the  jack-screw  shown  in  Figure 
! 355,  are  forms  of  the  inclined  plane.  By  turning  the  handle 
I of  the  jack-screw,  a weight  resting  on  top  of  the  screw  can  be 
I moved  upward.  Only  a small  force  is  needed  to  turn  the 
I handle,  even  if  the  weight  lifted  is  a large  one.  The  inset  in 


Fig.  353.  Three  types  of  gears. 
Suppose  the  power  is  applied  to 
the  shaft  of  the  large  spur-gear 
wheel.  In  which  directions  will  the 
other  gears  be  driven? 
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Figure  355,  which  illustrates  a triangular  piece  of  paper 
wrapped  around  a rod  or  pencil,  makes  it  clear  that  the 
screw  is  nothing  more  than  a circular  inclined  plane.  Simi- 


Fig.  354.  Each  of  these  machines  makes  use  of  the  inclined  plane  of 
the  screw  type. 


larly,  the  grade  of  a road  winding  up  a mountain  is  an  inclined 
plane  which  allows  heavy  loads  to  be  raised  to  higher  levels 
by  the  use  of  a small  force.  Figure  354  shows  a number  of 
common  devices  which  are  inclined  planes  of 
the  screw  type. 

Self-testing  exercise  9.  Why  does  it  require 
such  a small  force  to  lift  a person  by  turning  him 
around  on  a screw  piano  stool? 

Axes,  picks,  knives,  chisels,  your  front 
teeth,  and  saws  are  but  a few  examples  of 
the  wedge,  another  kind  of  inclined  plane. 
All  of  these  devices  are  used  to  overcome  the  force  that 
holds  different  materials  together.  By  means  of  a wedge  it 
is  possible  for  a small  force  to  overcome  a very  great  resist- 
ance. The  force  must,  however,  be  exerted  through  a greater 


Fig.  355.  A jack- 
screw. 
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distance  than  that  through  which  the  resistance  is  moved. 
Thus,  in  Figure  356  suppose  that  the  wedge  is  two  inches 
thick  at  the  top  and  twelve  inches  long.  In  order  to 
spread  the  wood  of  the  log  two  inches,  the  force  must  be 


Fig.  356.  Wedges  in  everyday  use.  Try  to  name  the  seven  machines 
shown  here. 


exerted  through  a distance  of  twelve  inches,  or  six  times  as 
far  as  the  wood  is  separated.  You  see  that  a small  force  on 
the  wedge  can  overcome  the  great  resistance  of  the  wood. 
Do  you  see  that  an  ordinary  chisel,  such  as  number  4 in 
Figure  356,  is  an  inclined  plane  and  that  a wedge,  as  in  num- 
ber 1,  is  really  a double  inclined  plane? 

Self-testing  exercise  10.  Write  a short  paragraph  in  which  you 
relate  the  kinds  of  work  you  have  seen  done  with  wedges  and  explain 
why  they  were  used. 

Do  machines  save  work?  You  can  see  from  the  simple 
machines  studied  that  many  of  them  are  used  to  do  work 
for  us.  They  do  not,  however,  as  one  commonly  hears,  “save 
work.”  The  amount  of  work  needed  to  make  a machine 
operate  is  always  greater  than  the  work  which  the  machine 
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does.  Why,  then,  are  they  used?  The  answer  to  this  question 
will  explain  what  a machine  is,  and  may  be  stated  as  follows: 
A machine  is  a device  which  makes  possible  the  doing  of  work 
with  a form  of  energy  not  usable  by  ordinary  means,  or  which 
uses  energy  to  do  work  more  effectively  than  it  can  be  done 
without  such  device. 

The  force  which  is  used  to  operate  a machine  may  be 
muscular  energy  or  the  energy  of  air,  water,  steam,  electricity, 
light,  or  heat.  In  all  cases  the  energy  used  on  the  machine  must 
cause  the  machine  to  move  some  object  by  lifting,  pulling,  or 
pushing  it,  that  is,  by  overcoming  the  resistance  which  tends 
to  keep  it  from  moving.  The  resistance  may  be  due  to  the 
weight  of  the  object  caused  by  gravity,  to  friction  between 
the  object  and  the  material  on  which  the  object  rests,  or  to 
the  cohesive  force  which  holds  parts  of  a material  together. 
A machine  does  not  save  work.  We  use  it  because  of  other 
advantages,  such  as  employing  some  energy  other  than  mus- 
cular energy,  changing  the  direction  of  a force,  increasing 
the  speed  and  the  distance  at  the  expense  of  greater  force, 
and  increasing  force  at  the  expense  of  distance. 

Suggested  Activity.  Find  at  home  machines  which  are  com- 
binations of  two  or  more  of  the  simple  machines  which  you  have 
studied.  Make  a list  of  the  complex  machines,  and  for  each  indicate 
the  simple  machines  which  it  utilizes. 

Self-testing  exercise  11.  From  your  own  experiences  with  dif- 
ferent devices,  make  a list  of  the  various  tools  and  machines  which 
you  know,  grouping  them  under  the  following  heads:  (a)  levers, 
(&)  pulleys,  (c)  inclined  planes,  {d)  wheels  and  axles. 

Self-testing  exercise  12.  The  principal  reasons  for  using  machines 
are  given  below  and  on  the  next  page.  Copy  these,  and  under  each, 
name  several  common  machines  which  illustrate  each  use.  Give, 
following  the  name  of  the  machine,  a particular  everyday  use. 

(1)  To  move  an  object  or  overcome  a resistance  by  using  a force 
in  a direction  different  from  the  direction  in  which  the  object  is  to 
be  moved. 

Example-.  Crowbar  {lever) — to  raise  a stone  by  pushing  downward 
on  the  opposite  end  of  the  crowbar. 
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(2)  To  lift  a large  weight  by  the  use  of  a small  force. 

(3)  To  overcome  a great  resistance  by  use  of  a smaller  force. 

(4)  To  move  a small  weight  through  a great  distance  by  using  a 
large  force  through  a small  distance. 

(5)  To  move  an  object  more  rapidly  than  the  speed  of  the  force 
which  is  used  to  operate  the  machine. 

Problem  4;  How  Is  the  Efficiency  of  a Machine 
Increased? 

Study  Suggestion.  Before  you  can  answer  the  question  of  this 
problem,  you  must  know  the  scientific  meaning  of  efficiency  and 
how  efficiency  is  determined. 

How  is  the  efficiency  of  a machine  determined?  The  work 
which  you  put  into  the  machine  of  Experiment  91  was  greater 
than  the  work  which  the  machine  did  for  you.  You  exerted 
a certain  pull  through  a distance  of  eight  feet  to  lift  a certain 
weight  two  feet.  If  you  divide  the  work  out  (two  feet  times 
the  weight  of  the  load)  by  the  work  in  (eight  feet  times  the 
pull  necessary  to  draw  the  load)  and  express  the  quotient  in 
per  cent,  you  have  the  efficiency  of  the  machine. 

Self-testing  exercise  13.  Refer  to  your  records  on  Experiment  91 
and  calculate  the  efficiency  of  the  inclined  plane  as  you  used  it. 

Why  is  no  machine  one  hundred  per  cent  efficient?  In 

every  machine  at  work  there  are  always  moving  parts  in 
contact.  The  lever  moves  on  the  material  of  the  fulcrum, 
the  pulley  has  bearings,  the  object  raised  by  an  inclined  plane 
slides  or  rolls  on  the  plane,  the  wheel  and  axle  has  movable 
parts,  and  so  on.  The  parts  in  contact  are  never  perfectly 
smooth,  and  they  offer  resistance  to  motion  by  friction 
between  the  interlocking  particles  or  projections. 

Experiment  94.  How  can  friction  be  reduced?  (a)  In  a chalk 
box  or  some  other  flat-bottomed  container,  place  stones  or  iron 
weights  and  two  sets  of  wheels,  which  will  be  used  in  part  (c). 

(6)  Place  the  box  on  a table.  Attach  a string  and  spring  balance 
to  the  box  (Figure  357).  Slowly  pull  the  box  along  the  table  with 
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the  spring  balance,  and  read  the  balance  to  see  what  force  is  used 
Keep  the  balance  parallel  to  the  surface  of  the  table. 

(c)  Place  two  sets  of  wheels  under  the  box  and  again  determine 
the  force  necessary  to  keep  the  arrangement  moving.  Results? 

(d)  Place  the  box  containing  the  weights  and  wheels  on  shot 
scattered  on  the  table.  What  force  is  required  to  pull  the  box? 

In  part  (b)  of  the  experiment  you  have  an  illustration  of 
sliding  friction.  In  parts  (c)  and  {d)  the  friction  is  called 
rolling  friction.  Which  kind  of  friction  is  the  greater? 

One  way  to  reduce  fric- 
tion is  to  use  smooth  ma- 
terials for  making  the  parts 
of  the  machine  which  rub 
against  each  other.  Thus, 
by  using  a smooth  iron 
spindle  and  an  iron-lined 
hub  bearing  on  a wagon 
wheel,  the  friction  is  much 
less  than  it  would  be  if  the  spindle  and  bearing  were  made  of 
wood.  Greasing  the  parts  will  make  the  sliding  friction  still 
less.  Another  way,  as  you  have  seen,  is  to  substitute  rolling 
friction  for  sliding  friction.  This  can  be  done  by  using  wheels 
and  ball  bearings  or  roller  bearings  (Figure  358).  If  these 
bearings  are  kept  well  lubricated,  or  oiled,  the  machine  be- 
comes still  more  efficient,  because  then  the  moving  surfaces 
which  are  in  contact  are  really  the  oil  surfaces  covering  each 
part  of  the  machine. 

You  must  not  get  the  idea  that  friction  is  altogether  un- 
necessary. If  there  were  no  friction  or  too  little  friction 
between  the  engine  wheels  and  the  railroad  track,  for  ex- 
ample, the  engine  could  not  move.  The  wheels  would  spin 
around  without  moving  forward  or  backward.  Or  if  there 
were  no  friction  between  your  shoes  and  the  floor,  you 
could  not  move  unless  someone  pushed  you  or  you  pulled 
yourself  along.  And  if  you  once  got  started,  you  could  not  stop. 

There  is  always  some  friction  in  every  machine.  The 


Fig.  357.  Two  kinds  of  friction. 
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“work  in”  must  therefore  be  more  than  the  “work  out,” 
because  the  “work  in”  must  overcome  the  friction  of  the 
moving  part  or  parts  as  well  as  move  the  object.  In  no  ma- 
chine, then,  is  the  weight  times  the  distance  which  the  weight 
is  lifted  exactly 
equal  to  the  force 
times  the  distance 
through  which  the 
force  moves.  In 
other  words,  no 
machine  can  have 
an  efficiency  of  100 
per  cent. 

In  order  to  see 
how  greatly  the 
efficiency  of  a ma- 
chine can  be  In- 
creased, do  the  fol- 
lowing experiment. 

Experiment  95, 

How  is  the  efficiency 
of  a machine  in- 
creased? (a)  Repeat  Experiment  91,  page  458,  but  this  time  place 
the  wheels  in  the  box  and  pull  the  load  up  the  plane  by  having  the 
box  slide.  Compare  the  work  done  on  the  machine  here  with  that 
done  on  the  machine  in  Experiment  91.  Calculate  the  efficiency  of 
the  machine  in  this  case  and  compare  with  the  results  of  Self-test- 
ing exercise  13.  Explain  the  difference. 

(&)  Grease  the  board  and  the  bottom  of  the  box  and  repeat  (a). 
Calculate  the  efficiency.  How  do  you  explain  the  difference  in 
parts  (a)  and  (&)? 

Self-testing  exercise  14.  (a)  In  what  practical  devices  does  the 
use  of  a wheel  greatly  increase  the  efficiency  of  the  machine? 

(5)  Why  do  levers  usually  have  a higher  efficiency  than  other 
{ kinds  of  machines? 

Summary  exercise  on  Unit  XII.  In  sentence  form  list  all  the 
I principles  of  science  you  have  learned  from  this  unit. 


Fig.  358.  The  larger  figure  shows  how  roller 
bearings  are  arranged  around  the  axle  of  the 
front  wheel  of  an  automobile  to  reduce  the 
friction.  The  smaller  figure  at  the  right  shows 
how  ball  bearings  are  used. 
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Additional  Exercises 

1.  Several  writers  have  prepared  fanciful,  short  stories  of  the 
strange  happenings  which  would  occur  at  a place  where  gravity  did 
not  exist.  See  if  you  can  write  such  a story. 

2.  Examine  the  brakes  on  an  automobile  and  explain  why  they 
are  necessary  and  how  they  work.  Make  drawings  to  aid  you  in 
explaining.  Booklets  given  to  purchasers  of  new  cars  will  help  you. 

3.  Examine  an  old  watch  or  clock  to  see  what  force  makes  it 
run  and  how  the  energy  is  transferred  from  the  spring  or  weight  to 
the  hands  of  the  timepiece.  Make  drawings  and  explain. 

4.  Consult  biology  or  zoology  textbooks  and  find  as  many  kinds 
of  simple  machines  in  the  human  body  as  you  can.  You  can  make 
an  interesting  poster  on  which  you  show  drawings  of  the  parts  of 
the  body  represented  and  name  the  kinds  of  machines  illustrated. 

5.  If  you  can  examine  a differential  pulley  in  a physics  labora- 
tory, in  an  automobile  garage,  or  in  a factory,  do  so  and  explain  how 
the  pulley  makes  it  possible  to  lift  very  large  weights  by  means  of 
a relatively  small  force. 

6.  Here  is  a difficult  activity;  Using  pulley  blocks,  each  having 
two  pulleys,  set  up  a pulley  system  in  which  the  force  moves  sixteen 
times  as  far  as  the  weight  is  lifted.  Carry  out  the  experiment  to 
find  the  ratio  between  the  force  required  and  the  weight  lifted. 

7.  Examine  a sewing  machine,  and  with  the  aid  of  drawings 
name  the  kinds  of  simple  machines  which  are  employed.  Do  the 
same  for  a meat  grinder,  a clothes  wringer,  a washing-machine,  an 
automobile  jack,  or  any  complex  machine  in  the  manual-arts  shop. 

8.  Why  does  shaking  the  limb  of  a peach  tree  cause  peaches  to 
be  broken  loose  from  the  tree.  Why  do  they  fall  to  the  ground? 

9.  How  does  a bow  and  arrow  do  work?  What  is  the  source  of 
the  energy? 

10.  Carpenters  often  pound  the  end  of  a hammer  handle  to 
“draw”  a loose  hammer  head  tight  on  the  handle.  Explain. 

11.  Why  are  tinner’s  shears  made  with  long  handles  and  short 
blades  while  tailor’s  shears  have  short  handles  and  long  blades? 

12.  Why  do  railroad  cars  sometimes  have  “hot-boxes”? 

13.  Locomotive  engineers  often  pour  sand  on  the  rails  when  start- 
ing a train,  especially  when  the  rails  are  wet.  Why  do  they  do  this? 

14.  Pressure  flattens  a hollow  rubber  ball,  but  the  ball  regains 
its  shape  when  the  pressure  is  removed.  Explain. 


UNIT  XIII 


HOW  IS  THE  ENERGY  OF  AIR,  WATER, 
STEAM,  AND  EXPLODING  GAS 
PUT  TO  WORK? 

Preliminary  Exercises 

1.  Name  devices  or  machines  operated  by  the  force  of  air. 

2.  What  are  the  characteristics  of  air  which  make  it  of  use  in 
the  machines  you  listed  in  Exercise  1? 

3.  Of  what  use  is  compressed  air  to  street-cars  and  trains? 

4.  How  does  a windmill  pump  water? 

5.  Explain  the  operation  of  a vacuum-cleaner. 

6.  How  could  you  use  a stream  to  run  machinery? 

7.  At  Isle  Maligne  and  at  Niagara  Falls  water  is  used  to 
generate  electricity.  What  determines  the  amount  of  electricity 
which  can  be  generated?  Why? 

8.  How  did  steam  power  help  to  supply  the  food  which  you  ate 
for  breakfast  this  morning? 

9.  How  does  steam  power  help  to  provide  the  clothing  you  wear? 

10.  A locomotive  has  an  efificiency  of  from  only  six  to  ten  per 
cent;  that  is,  from  only  six  to  ten  per  cent  of  the  energy  of  the  coal 
is  used  to  pull  the  train.  What  becomes  of  the  “lost”  energy? 

11.  What  sources  of  power,  other  than  steam,  are  used  for  trans- 
portation on  land  or  water? 

12.  Make  a list  of  the  uses  of  the  gas  engine. 

13.  What  are  the  important  parts  of  a gas  engine? 

14.  The  gasoline  truck  and  automobile  have  replaced  the  horse 
for  many  uses.  Why  has  this  happened? 

The  Story  of  Unit  XHI 

As  man  discovered  simple  machines  and  learned  to  com- 
bine them  into  more  complex  machines,  he  also  sought  ways 
to  save  his  own  strength  through  the  use  of  forces  which 
he  discovered  in  nature.  Among  these  forces,  other  than  his 
strength  and  the  strength  of  animals,  are  those  of  air,  water, 

477 


478 


EVERYDAY  PROBLEMS  IN  SCIENCE 


steam,  and  explosive  mixtures  of  gases  and  air.  Man  has 
found  various  ways  of  using  the  kinetic  or  potential  energy 
which  these  materials  possess  and  has  made  many  devices 
which  put  the  energy  to  work.  As  a result,  we  have  today 
(1)  siphons,  windmills,  vacuum-cleaners,  air-brakes,  and 
pumps,  which  make  use  of  the  energy  of  air;  (2)  water  wheels 
and  turbines,  which  make  use  of  water  as  a source  of  energy; 


Fig.  359.  These  simple,  practical  devices  all  operate  by  air  pres- 
sure. Number  4 is  an  air-pressure  gauge  for  automobile  tires. 
What  are  the  others? 


(3)  engines  of  various  kinds,  driven  by  the  energy  of  steam ; 
and  (4)  gas  engines,  which  transform  the  heat  of  explosions 
into  the  motion  of  the  running  engine. 

Air  and  water  are  materials.  They  have  weight  and  can 
exert  pressure  (Figure  359).  This  pressure  can  do  work,  as 
you  know.  Being  fluids  which  move  readily,  they  are  easily  set 
in  motion  when  forces  act  on  them.  In  motion  they  possess 
kinetic  energy.  The  energy  of  moving  air,  or  wind,  may  be 
used  to  do  work,  as  in  the  case  of  a windmill  pumping  water  or 
running  other  machinery  (Figure  360).  Running  water  may 
turn  a paddle  wheel  and  thus  help  to  grind  grain,  saw  wood,  or 
generate  electricity  (Figure  361).  As  the  air  strikes  the  vanes 
of  a windmill,  or  running  water  strikes  the  vanes  of  a water 
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wheel,  the  force  exerted  turns  the  wheel,  and  this  force  may 
be  transmitted  to  other  machinery  by  means  of  belts  or  gears. 
Great  improvements  have  been  made  in  the  kind  of  machines 
used  to  harness  the  kinetic  energy  of  moving  air  and  water. 
It  is  interesting  to  know  that 
man  used  the  simple  water 
wheel  for  nearly  2000  years  be- 
fore he  discovered  the  modern 
methods  of  harnessing  water 
power. 

It  is  easy  to  see  that  the 
quantity  of  energy  of  moving 
material  depends  upon  the 
amount  of  material  and  the 
speed  of  its  motion.  As  you 
learned  in  your  study  of  weather, 
air  has  but  small  weight.  At  a 
low  speed  it  has  little  energy, 
but  when  it  moves  at  a tremen- 
dous speed,  as  in  a tornado,  it 
may  possess  enough  energy  to 
move  a large  building.  Simi- 
larly, in  the  case  of  water,  you 
know  that  a stream  which 
moves  slowly  can  be  waded 
very  easily,  but  if  the  water 
is  moving  very  rapidly,  as  in 
a mountain  stream,  its  kinetic 
energy  may  be  easily  great  enough  to  carry  you  off  your  feet. 

There  is  probably  no  kind  of  energy  which  does  as  much 
of  our  work  as  the  energy  of  steam.  Stationary  steam  engines 
run  many  machines  in  factories,  generate  electricity,  help  to 
build  roads,  dig  canals,  and  in  a variety  of  other  ways  save 
man’s  strength  and  time.  Similarly,  steam  engines  on  loco- 
motives and  steamships  furnish  energy  for  rapid  travel  and 
transportation.  How  important  steam  is  can  be  appreciated 


Fig.  360.  This  windmill  pumps 
water  into  the  tank,  from  which 
it  is  supplied  to  the  house.  Fre- 
quently the  tank  is  within  the 
house  itself. 
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Fig.  361.  A water  turbine.  Before 
the  turbine  was  installed,  the 
water  wheel  was  used.  You  can 
see  the  pipe  which  formerly  carried 
the  water  to  the  top  of  the  wheel. 

now  takes  two  days ; and  a ma 


best  when  you  think  how  dif- 
ferent life  would  be  without 
the  steam  engine  and  its  nu- 
merous uses.  Think,  for  ex- 
ample, of  the  difference  between 
the  methods  of  travel  and 
transportation  in  the  early  days 
of  our  country  and  those  of  the 
present.  To  come  from  Eng- 
land to  Toronto  required  a four 
months’  voyage.  Now  Canada 
and  England  are  only  four  days 
apart.  The  month-long  journey 
from  Winnipeg  to  Edmonton 
can 


travel  from  Montreal  half  way 
across  the  Dominion  by  train  in 
the  time  formerly  required  to  reach 
Ottawa  by  stage  coach. 

The  importance  of  the  gas  engine 
as  a means  of  harnessing  energy  is 
almost  as  great  as  that  of  the 
steam  engine.  The  first  practical 
gas  engine  was  not  invented  until 
1876.  Since  that  time  its  develop- 
ment has  been  one  of  the  most 
marvellous  achievements  of  modern 
times.  Machines  of  all  kinds  are 
operated  by  it.  Thus,  on  the  farm 
it  is  used  to  saw  wood,  churn  but- 
ter, thresh  and  grind  grain,  pump 
water,  and  run  dynamos  which 
furnish  electric  light.  Often  the 
engine  is  portable  and  can  be 
moved  from  place  to  place  to  serve 
many  uses.  In  factories  it  is  of 


Fig.  362.  Over  2000  years 
ago.  Hero,  a Greek,  made  this 
toy  steam  engine.  The  water 
is  heated  in  the  bowl.  The 
steam  enters  the  ball  at  the 
sides.  As  it  escapes  through 
the  two  nozzles,  it  forces  the 
ball  to  rotate.  {Growth  of  the 
Steam  Engine,  by  Thurston.) 
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similar  importance.  Perhaps  its  most  commonly  seen  use  is 
in  the  automobile,  motorboat,  and  airplane.  Ocean-going 
ships  are  also  using  the  gas  engine  as  a source  of  power. 

Whether  man  uses  air,  water,  steam,  or  exploding  gas  to 
operate  his  devices  and  machines  and  to  do  his  work,  he  is 


Fig.  363.  A one-cylinder  gas  engine  like  this  can,  by  means  of  pulleys 
and  belts,  run  all  kinds  of  machinery.  Can  you  explain  its  various  parts? 
This  unit  will  help  you  to  understand  them. 


making  use  of  the  potential  and  kinetic  energy  present  in  great 
quantities  in  these  materials.  The  more  complex  machines 
which  he  uses  to  harness  the  energy  of  these  materials  are 
only  simple  machines  or  combinations  of  simple  machines. 

In  this  unit  you  will  be  interested  to  find  answers  to  many 
problems,  such  as  the  following:  How  is  ordinary  air  pres- 
sure made  to  work  for  us?  How  is  compressed  air  put  to 
work?  How  can  the  energy  of  water  be  harnessed?  How  is 
the  rate  of  doing  work  measured?  How  is  steam  generated 
and  utilized  in  steam  engines?  How  does  the  gas  engine  make 
use  of  the  energy  of  exploding  gases? 
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Problem  1:  How  Is  the  Energy  of  Air  Utilized 
TO  Do  Work? 

Study  Suggestion.  Since  air  is  material,  it  may  possess  energy 
of  position  or  energy  of  motion.  In  daily  life  man  uses  ordinary  air 
pressure,  compressed  air,  and  wind  to  do  his  work.  Try,  in  this 
problem,  to  understand  how  the  various  devices  described  trans- 
form the  energy  of  air  into  useful  work. 

How  does  ordinary  air  pressure  do  work?  In  addition  to 
water  pumps,  which  you  studied  in  Unit  V,  there  are  two 
other  devices  commonly  used  in  the 
home  which  depend  upon  ordinary  air 
pressure  for  their  operation.  The  first 
is  the  siphon,  used  to  transfer  liquids 
from  one  place  to  another,  and  the 
second  is  the  vacuum-cleaner. 

Did  you  ever  use  a rubber  hose  to 
get  vinegar  from  a barrel,  to  take  the 
water  from  a fish  bowl,  or  to  get  gasoline  from  a tank?  Let 
us  first  see  how  a siphon  operates. 

Experiment  96.  How  can  you  operate  a siphon?  Get  a piece  of 
rubber  tubing  several  feet  long.  (A  piece  of  garden  hose  may  be 
used.)  Lower  one  end  of  the  tubing  into  a pail  of  water  which  stands 
on  a table.  Suck  the  air  from  the  tubing  until  the  water  reaches 
your  mouth.  Why  does  the  water  fill  the  tubing?  (See  Experiment 
17,  page  114.)  Pinch  the  end  of  the  tubing  air-tight,  or  place  your 
finger  over  the  end  of  the  tubing  without  allowing  air  to  enter, 
and  bring  this  end  into  an  empty  pail  on  the  floor.  Open  the  end 
of  the  tube  and  observe  that  the  water  flows  from  it.  Slowly  raise 
the  open  end  until  it  is  almost  at  the  level  of  the  water  in  the  pail 
on  the  table.  How  does  the  speed  of  flow  change?  Again  lower 
the  open  end  slowly.  Does  the  rate  of  flow  change?  How? 

Experiment  97.  What  causes  the  water  to  flow  from  the  siphon? 
Take  a two-foot  length  of  rubber  tubing  or  a glass  tube  bent  into  a 
U shape,  with  each  arm  about  one  foot  long.  Fill  the  tube  with 
water,  keep  your  finger  over  one  end,  and  invert  the  tube  into 
two  jars  of  water,  as  shown  at  the  left  in  Figure  364.  Remove  your 
finger  and  raise  one  jar  of  water  a few  inches  above  the  table.  What 


COMPLEX  MACHINES 


483 


happens?  Replace  the  jar  on  the  table.  What  happens?  How  do 
the  lengths  of  the  water  columns  in  the  two  arms  of  the  tube  above 
the  surface  of  the  water  in  the  jars  compare  when  the  siphon  ceases 
to  flow?  Measure  them.  Note  that  when  the  water  flows  through 
the  siphon,  it  flows  toward  the  side  having  the  longer  arm  above 
the  surface  of  the  water  in  the  jar.  In  the  siphon  at  the  right  (Figure 
364),  which  is  heavier,  the  water  in  the  left  arm  or  the  water  in  the 
right  arm?  From  which  tube,  therefore,  will  the  water  flow  out  first 
on  account  of  the  pull  of  gravity?  If  it  flows  out  of  one  arm,  what 
condition  would  result  in  the  top  part  of  the  tube?  How  will  the 
air  pressure  on  the  water  in  the  left  jar  prevent  such  a condition? 

Self-testing  exercise  1.  (a)  Name  as  many  uses  of  the  siphon 

as  you  can.  (b)  Why  do  you  suck  the  air  out  of  the  siphon  to  start 
it?  (c)  Why  does  the  siphon  continue  to  flow  after  being  started? 
(d)  How  does  a siphon  use  the  potential  energy  of  air  to  transfer 
a liquid  from  one  vessel  to  another? 

One  of  the  handiest  devices  around  the  home  is  the  vacuum- 
cleaner.  Let  us  see  how  it  uses  the  energy  of  air  to  do  work. 

Experiment  98.  How  can  light  mate- 
rials be  moved  by  air?  Roll  a large  sheet 
of  paper  into  a cylinder  about  half  an  inch 
in  diameter.  Place  the  cylinder  over  small 
pieces  of  paper,  as  in  Figure  365.  Suck  the 
air  out  of  the  paper  tube  by  inhaling  rap- 
idly. What  happens  to  the  small  pieces 
of  paper?  From  your  study  of  air  pressure 
explain  why  this  happens.  (Seepp.  114-115.) 

When  some  air  is  removed  from  a space,  the  remaining  air 
becomes  thinner  and  the  pressure  less.  Such  space  is  called 
a partial  vacuum.  The  outside  air  is  forced  into  such  space 
by  the  greater  pressure  of  the  surrounding  air.  As  the  air 
rushes  in,  it  carries  with  it  light  materials  like  paper  or  dust, 
in  the  same  manner  that  the  kinetic  energy  of  running  water 
carries  stones  or  sand. 

A common  form  of  vacuum-cleaner  is  shown  in  Figure  366. 
The  important  parts  of  the  machine  are  labelled.  Study  the 


Fig.  365.  Experiment  98. 
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parts  to  understand  the  following  explanation  of  the  ma- 
chine. The  fan  is  rotated  swiftly  by  an  electric  motor,  and 

thus  pumps  air 
into  the  dust  bag. 
This  produces  a 
partial  vacuum  in 
the  chamber 
around  the  fan, 
and  the  air  from 
the  outside  rushes 
in,  carrying  with 
it  the  dust  which 
has  been  loosened 
by  the  rotating 
brush.  The  dust 
is  then  blown  with 
the  air  into  the 
dust  bag.  The  air  escapes  through  the  fine  mesh  of  the  bag, 
but  the  dust  is  held  within  the  bag.  There  are  many 
makes  of  vacuum-cleaners  on  the  market,  but  the  principle 
of  operation  is  the  same  in  all  of  them. 

In  large  buildings,  such  as  stores, 
hotels,  clubs,  and  office  buildings,  and  also 
in  many  modern  homes,  the  vacuum- 
cleaner  motor  and  dust  receiver  are  often 
placed  in  the  basement.  Metal  pipes 
connect  the  different  rooms  with  the 
machine  in  the  basement,  and  the  clean- 
ing tool  can  be  attached  to  these  tubes  by 
means  of  a long  rubber  hose  (Figure  367). 

Suggested  Activity.  Examine  the  vacuum- 
cleaner  in  your  home.  With  the  aid  of  the  book 
of  instructions  that  accompanies  the  cleaner, 
prepare  a report  on  how  it  works. 

Self-testing  exercise  2.  Why  is  the  “vac- 
uum-cleaner” really  an  “air-pressure”  cleaner? 


Fig.  366.  One  type  of  home  vacuum-cleaner. 
(Hoover  Co.) 
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How  does  compressed  air  work  for  us?  When  air  is  com- 
pressed into  a container,  it  exerts  an  outward  pressure.  You 
recall  that  the  ordinary  pressure  of  air  is  about  15  pounds  per 
square  inch.  Now,  if  two  cubic  feet  of  air  are  forced  into  a 
vessel  having  a space  of  one  cubic  foot,  the  air  pressure 
inside  is  30  pounds  per  square  inch;  or  if  10  cubic  feet  of  air 
are  forced  into  the  vessel,  the  outward  pressure  of  the  com- 
pressed air  is  150  pounds  per  square  inch.  You  see,  then, 


Fig.  368.  An  air-compression  pump.  The  motor  drives  the  flywheel, 
which  moves  the  piston  rod  and  the  attached  piston  back  and  forth. 


! 

that  compressed  air  may  exert  a great  pressure;  that  is,  it 
I possesses  much  energy. 

I For  practical  use  air  is  compressed  into  a tank  by  means 
of  an  air-compression  pump  such  as  that  shown  in  Figure  368. 
The  pump  is  run  by  an  electric  motor,  a steam  engine,  or  a 
gas  engine.  As  the  piston  moves  to  the  right,  valve  B opens, 
and  valve  D closes.  The  air  is  forced  through  valve  B into 
the  discharge  pipe  which  leads  to  the  tank.  Then,  as  the  piston 
moves  back  (to  the  left),  valve  B closes,  and  valve  D opens, 
allowing  more  air  to  enter  through  the  intake  pipe  which 
leads  to  the  outside  air.  Also  on  this  stroke  of  the  piston, 

; valve  C closes,  and  valve  A opens.  Thus  the  outside  air  is 
pumped  into  the  tank. 

Perhaps  the  most  common  use  of  compressed  air  is  for 
inflating  automobile  tires.  Tubes  with  valves  at  the  end 
lead  directly  from  the  compression  pump  or  from  the  tank 
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of  compressed  air  to  the  automobile  tire.  From  these  tubes 
we  take  the  air  to  inflate  our  tires.  The  energy  of  the 
compressed  air  is  great  enough  to  lift  the  thousands  of  pounds 
of  weight  of  the  automobile  as  the  tire  is  “blown  up.” 

Other  common  uses  of  compressed  air  are  found  in  com- 
pressed-air engines,  in  drills  used  in  machine  shops,  mines, 
and  stone  quarries,  in  pneumatic  riveters,  in  sand-blasting  to 


clean  stone  buildings,  in  sending  messages  through  tubes 
connecting  offices  in  the  same  building  or  in  different  build- 
ings, and  in  forcing  water  from  tanks  through  pipes  to  the 
rooms  of  houses  (Figure  154,  page  206). 

Perhaps  the  most  useful  compressed-air  device  is  the  air- 
brake for  trolley  cars  and  trains  (Figure  369).  On  trains 
a compression  pump  on  the  engine  forces  air  into  a large 
tank  or  reservoir,  keeping  the  air  at  a pressure  of  about 
seventy-five  pounds  per  square  inch.  This  reservoir  is  con- 
nected by  means  of  pipes  and  by  air-tight  couplings  between 
cars  to  a smaller  reservoir  and  the  brakes  under  each  car. 
While  the  pressure  in  the  engine  reservoir  is  at  seventy-five 
pounds  per  square  inch,  the  control  valve  is  in  such  posi- 
tion that  the  two  reservoirs  are  connected  by  the  air-pipe. 

If  the  engineer  opens  the  valve  on  the  air-pipe  connecting 
the  engine  reservoir  to  the  car  reservoir,  if  the  couplings 
between  cars  become  separated,  or  if  the  air-line  is  broken 
or  cut,  air  escapes  and  the  pressure  in  the  air-pipe  becomes 
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less.  Whenever  this  happens,  the  pressure  in  the  car  reservoir 
turns  the  control  valve  in  such  a way  that  the  compressed 
air  enters  the  brake  cylinder  and  forces  the  piston  to  the 
right  with  great  force.  The  piston  rod  operates  the  brake 
levers  and  sets  the  brake  shoes  against  the  wheels.  In  this 
way  the  train  is  stopped.  When  the  air  is  again  turned  on 
from  the  engine  reservoir,  the  control  valve  turns  so  that  the 
car  reservoir  is  connected  with  the  air-pipe,  and  the  compressed 
air  in  the  brake  cylinder  can  escape.  The  heavy  spring  in 
the  brake  cylinder,  which  was  compressed,  now  opens,  pull- 
ing the  piston  rod  back  and  releasing  the  brakes.  You  have 
probably  often  heard  this  sound  of  escaping  air. 

Suggested  Activity.  Look  up  in  an  encyclopedia  the  subject 
of  “Pneumatic  Devices”  and  make  a report  to  your  class  on  the 
operation  of  various  devices  which  use  compressed  air  as  a source 
of  energy. 

Self-testing  excercise  3.  (a)  The  energy  of  compressed  air  is  greater 
than  the  energy  of  an  equal  amount  of  ordinary  air.  Where  does 
the  compressed  air  obtain  this  additional  energy? 

(b)  A train  comes  to  an  abrupt  stop  when  it  happens  to  break 
apart.  Explain  why  the  air-brake 
acts  to  stop  it. 

How  is  the  force  of  wind 
harnessed?  In  country  dis- 
tricts you  often  see  a type  of 
machine,  the  windmill,  which 
utilizes  the  kinetic  energy  of 
moving  air  to  pump  water  and 
run  machinery.  The  air  strikes 
the  wooden  or  steel  blades,  or 
vanes,  of  the  wheel,  causing 
the  wheel  to  rotate  just  as  a 
pinwheel  (Figure  370)  is  made  to  turn  by  being  blown  upon 
or  by  the  force  of  the  air  which  rises  over  a warm  radiator 
or  stove.  To  the  shaft  of  the  wheel  are  attached  two  small 
gear  wheels.  These  mesh  with  two  larger  gear  wheels  on  a 


Fig.  370.  The  inset  in  the  upper 
left-hand  corner  shows  how  to  cut 
a two-inch-square  piece  of  paper 
to  make  the  pinwheel. 
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second  shaft.  A short  pin,  something  like  the  handle  of  a 
crank,  extends  outward  from  each  of  the  large  gear  wheels 
and  is  attached  to  the  wheel  at  a point  a few  inches  from 
the  centre.  Such  an  arrangement  is  called  an  eccentric, 
meaning  “off  centre.”  Connected  to  the  two  eccentrics  are 

two  heavy  eccen- 
tric rods,  which 
extend  upward  and 
are  held  together 
at  the  top  by  a 
cross-piece  of  steel. 
The  pump  rod  is 
attached  to  this 
cross-piece,  and,  as 
the  wheel  turns, 
the  piston  rod  of 
the  pump  is  moved 
up  and  down  (Fig- 
ure 371),  convert- 
ing the  curvilinear 
motion  of  the  wheel 
into  the  rectilinear 
motion  of  the 
pump  rod. 

The  speed  of  the  windmill  depends  upon  the  speed  of  the 
wind  and  upon  the  direction  from  which  the  wind  strikes  the 
blades.  The  pressure  of  a wind  blowing  at  thirty  miles  an 
hour  is  about  five  pounds  per  square  foot;  at  fifty  miles  an 
hour  the  pressure  increases  to  about  fifteen  pounds  per 
square  foot.  If  there  are  thirty  vanes  on  a windmill,  each 
three  feet  long  and  one-half  foot  wide,  and  all  of  the  force  of 
a thirty-mile  wind  could  be  utilized,  the  force  would  be 
3X>^X30X5,  or  225  pounds.  As  a matter  of  fact,  the  wind 
does  not  strike  directly  against  the  blades,  but  at  an  angle, 
and  some  of  the  force  is  wasted.  The  fan  and  wheel  of  the 
windmill  swing  on  a pivot,  so  that  when  the  mill  is  running. 


Fig.  371.  How  the  windmill  operates. 
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the  fan  points  with  the  wind,  and  the  wheel  faces  the  wind. 
The  wheel  can  thus  utilize  to  the  greatest  advantage  the  force 
of  the  wind.  A device  for  stopping  the  wheel  turns  it  parallel 
to  the  fan;  thus  the  wheel  no  longer  faces  the  wind,  and  the 
wind  strikes  the  edges  of  the  vanes  of  the  wheel  instead  of 
the  faces  of  the  vanes. 

Self-testing  exercise  4.  State  in  as  few  words  as  possible  how  the 
energy  of  wind  can  be  made  to  lift  water  by  means  of  a windmill 
and  pump. 

Problem  2:  How  Is  the  Energy  of  Water 
Harnessed? 

Study  Suggestion.  Water,  as  you  know,  may  possess  potential 
energy  because  of  its  position,  as  at  the  top  of  a waterfall,  or  because 
of  its  motion,  as  when  it  is 
■ running  in  a stream  or  falling 
at  the  bottom  of  a waterfall. 

I'  In  this  problem  you  will  find 
j how  various  devices  utilize 
this  energy  of  water. 

How  do  undershot  water 
' wheels  work?  The  earliest 
: device  for  using  the  energy 
of  running  water  was  prob- 
; ably  the  undershot  water 
I (Figure  372).  This  is 
commonly  used  in  streams 
where  there  is  a large 
amount  of  water  available. 

Much  of  the  energy  of  the  water  is  wasted  in  such  an  arrange- 
ment, because  only  the  water  which  strikes  the  paddles  or 
vanes  of  the  wheel  can  do  work.  You  can  see  from  Figure 
' 372  that  only  a very  small  part  of  the  wheel  is  in  contact 
j with  the  water  at  any  given  time.  As  a result  of  this  waste, 

! most  undershot  wheels  are  only  from  twenty  to  thirty  pet 
: cent  efficient. 


Fig.  372.  An  undershot  water  wheel. 
This  is  all  that  remains  of  an  old  mill  in 
New  Jersey,  built  over  100  years  ago. 
(Ewing  Galloway.) 


490 


EVERYDAY  PROBLEMS  IN  SCIENCE 


One  type  of  modern  undershot  wheel,  however,  is  very 
efficient.  This  is  the  Pelton  wheel  (Figure  373),  which  is 
used  to  a great  extent  in  mountainous  regions  where  the 
water  can  be  brought  from  a place  far  above  the  wheel. 
The  water  is  led  down  through  a pipe  ending  in  a nozzle, 
much  like  the  nozzle  on  a garden  hose,  and  strikes  the  cups 

at  the  end  of  the 
vanes.  The  water 
comes  out  of  the  noz- 
zle at  a high  speed 
and  drives  the  wheel 
very  rapidly.  Little 
force  is  wasted  by 
this  arrangement, 
and  the  efficiency  of 
the  wheel  may  be  as 
high  as  eighty-five 
per  cent.  Like  all 
water  wheels  the 
Pelton  is  a wheel- 
and-axle  machine. 
The  force  is  applied 
at  the  cups,  and  the 
shaft  of  the  wheel  is 
turned,  transmitting 
the  energy  for  run- 
ning machinery. 

How  does  the  overshot  water  wheel  work?  For  hundreds 
of  years  the  overshot  water  wheel  was  used  to  harness  the 
potential  energy  of  water  for  such  purposes  as  running  grain 
grinders,  flour  mills,  and  saw  mills.  Even  today  in  some 
parts  of  the  country  this  device  is  found  (Figure  374).  A 
dam  is  built  across  a stream,  and  the  water  is  led  through  a 
wooden  or  metal  flume  to  the  top  of  the  wheel.  The  buckets 
or  paddles  of  the  wheel  are  turned  by  the  weight  of  the 
water.  As  the  buckets  or  paddles  come  to  the  bottom,  they 


Fig.  373.  A Pelton  wheel. 
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empty  the  water  into  the  stream  below  and  are  carried  up- 
ward by  the  weight  of  the  water  in  the  other  buckets.  The 
“work  in”  is 
the  product  of 
the  weight  of 
the  water  and 
the  distance 
which  it  moves 
while  in  the 
buckets.  Some 
water  is  spilled, 
of  course,  but 
the  source  of  en- 
ergy is  cheap. 

The  efficiency  of 
a machine  of  this 
type  may  be  as  high  as  from  eighty  to  ninety  per  cent. 

How  do  turbines  work?  The  turbine  is  a newer  and  more 
efficient  device  for  harnessing  the  energy  of  water  at  a dam. 
One  kind  of  turbine  is  shown  in  Figure  375.  The  concrete  dam 

is  at  the  right.  The  water  flows 
through  the  gate  and  enters  the 
turbine  below.  Inside  the  tur- 
bine, stationary  blades  direct  the 
water  against  the  blades  of  the 
rotating  part.  The  rotating  part, 
or  rotor,  as  it  is  called,  turns  the 
shaft  to  which  it  is  attached. 
This  shaft  extends  upward  to  the 
electric  generator  in  the  room 
above  the  turbine  where  the  elec- 
tric power  is  produced.  There 
is  so  very  little  waste  of  power 
in  this  type  of  turbine  that  the 
efficiency  may  be  considerably 
above  ninety  per  cent. 


Fig.  375.  Where  the  water  is  not 
over  twenty-five  feet  deep,  this 
kind  of  turbine  is  most  common- 
ly used.  Compare  this  with  Fig- 
ure 448,  page  564. 


Fig.  374.  An  overshot  water  wheel  used  to  operate 
a grain  grinder.  A gate  at  the  dam  controls  the  flow 
of  water  through  the  flume. 
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Another  type  of  turbine  which  is  the  most  common  one  in 
use  at  large  hydroelectric  plants  is  shown  in  Figure  376.  In 
this  turbine  the  water  is  brought  down  in  a tube,  called  the 


penstock,  from  the  top  of  the 


Fig.  376.  The  smaller  drawing 
shows  the  rotor,  with  arrows  indi- 
cating the  flow  of  the  water. 


dam  or  waterfall  and  strikes 
the  rotor  at  the  bottom  of 
the  penstock.  The  turbines 
at  Niagara  Falls  are  of  this 
type.  Wherever  the  head  of 
water,  that  is,  the  height  of 
the  water  above  the  rotor,  is 
great  enough,  this  kind  of 
turbine  is  used.  Its  efficiency 
may  be  as  great  as  ninety- 
five  per  cent. 

By  means  of  water  wheels 
and  turbines  enormous  water 
power  is  utilized  to  generate 
electricity,  both  in  our  own 
country  and  in  foreign  coun- 
tries. This  electricity  saves 
our  fuel,  gives  us  powerful 
electric  engines  for  moun- 
tainous regions,  helps  to  keep 
our  cities  clean  by  eliminating 
smoky  factory  furnaces,  lights 
our  cities,  and  runs  our 
street  and  interurban  cars. 
Figure  377  gives  some  idea  of 
the  large  amount  of  available 
water  power  in  our  country. 


Suggested  Activity.  Look  up  in  one  of  the  general  references 
“Power  Dams”  or  “Hydroelectric  Power  Plants,”  or  visit  a hydro- 
electric plant,  and  write  a description  of  a power  plant  to  show  how 
the  energy  of  water  is  transformed  into  electrical  energy. 

Self-testing  exercise  5.  (a)  Why  is  each  of  the  water  wheels  a 

machine  of  the  wheel-and-axle  type?  (&)  How  is  the  energy  of  the 
water  transformed  into  energy  for  practical  use? 
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Fig.  377.  The  circles  show  the  development  of  water  power  in  our 
country.  In  which  region  has  the  greatest  part  of  the  available  power 
been  put  to  use?  This  map  of  Eastern  Canada  indicates  only  sites  that 
have  been  surveyed.  Most  of  these  occur  at  falls  or  rapids.  At  many 
sites  in  Canada  a head  of  water  could  be  obtained  by  use  of  dams. 

Problem  3;  How  Is  the  Horsepower  of 
Machines  Measured? 

Study  Suggestion.  Power  and  horsepower  are  terms  which  you 
often  hear  in  daily  life.  One  commonly  hears  that  an  automobile 
has  great  power  or  that  a certain  hydro-electric  plant  delivers 
200,000  horsepower.  What  do  these  statements  mean  scientifically? 
In  this  problem  you  should  come  to  know  the  scientific  meaning 
of  the  terms  power  and  horsepower  and  the  relationship  between 
force,  work,  energy,  and  power. 

It  is  a common  error  to  speak  of  power  when  the  term 
force  should  be  used.  You  recall  the  meaning  of  force  (see 
page  444).  Also  you  remember  the  scientific  meaning  of 
work  and  of  energy  (see  pages  452  and  455).  Now,  power  is 
not  the  same  as  force,  work,  or  energy.  Let  us  suppose  that 
you  climb  a stair  fifty  feet  high,  your  weight  being  100 
pounds.  The  force  necessary  to  lift  you  is  100  pounds;  the 
work  that  you  do  is  5000  foot-pounds;  the  energy  used  is 
5000  foot-pounds.  You  may  take  two  minutes  to  climb  the 
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stairs,  or  you  may  require  ten  minutes.  In  either  case  you 
do  the  same  work,  but  in  the  first  case  you  do  it  five  times  as 
fast.  The  rate  of  work  in  the  two  cases  is  different.  It  is 
this  rate  of  doing  work  which  scientists  call  power.  In  climb- 
ing the  stair  in  two  minutes  you  do  5000  foot-pounds  of  work 
in  two  minutes,  or  2500  foot-pounds  per  minute.  In  the 
second  case  you  do  5000  foot-pounds  in  ten  minutes,  or  500 
foot-pounds  per  minute.  Your  power  in  the  first  case  is  five 
times  as  great  as  in  the  second.  Similarly,  water  or  air  may, 
depending  upon  their  speed  and  weight,  do  work  at  different 
rates.  We  say  that  the  power  depends  upon  the  rate  or 
speed  with  which  a force  moves  an  object. 

To  measure  power  you  must  have  a unit.  The  unit  most 
commonly  used  is  the  horsepower.  The  term  horsepower 
originally  referred  to  the  rate  at  which  a horse  works.  A 
horse  walking  at  the  rate  of  two  and  one-half  miles  an  hour 
for  eight  to  ten  hours  a day  should  not  be  required  to  pull 
more  than  about  one-eighth  of  its  own  weight.  If  a horse 
weighs  1200  pounds  and  pulls  one-eighth  of  its  weight,  it 
must  pull  150  pounds.  In  one  hour  the  horse  would  do 
150X5280X2^,  or  1,980,000  foot-pounds.  Divide  this  by 
sixty  and  you  have  33,000  foot-pounds  per  minute.  Scien- 
tists have  agreed  to  take  this  rate  of  work  as  the  unit  of 
power  and  call  it  the  horsepower. 

When  we  say  an  engine  has  twenty-five  horsepower,  we 
mean  that  it  can  do  25X33,000  foot-pounds  of  work  per 
minute.  Similarly,  when  it  is  said  that  1,000,000  horsepower 
is  developed  in  the  Niagara  system  of  the  Hydro-Electric  Com- 
mission, we  mean  that  the  water  can  do  1,000,000  times 
33,000  foot-pounds  of  work  per  minute.  This  means  that  the 
power  which  is  developed  at  Niagara  could  lift  a weight 
of  100  tons  over  thirty  miles  high  in  one  minute.  You  see 
what  tremendous  power  the  water  of  the  river  has. 

Self-testing  exercise  6.  (a)  It  is  estimated  that  Nova  Scotia  pos- 

sesses water  power  that  could  be  made  to  do  9,900,000,000  foot-pounds 
of  work  per  minute.  How  many  horsepower  could  be  developed? 
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Fig.  378.  A fire-tube  boiler.  Since  there  are  many  tubes  being  heated  by 
the  hot  gases  from  the  fire,  the  water  can  be  changed  to  steam  very  rapidly 
and  made  to  do  work. 

(b)  Knowing  your  weight  and  the  height  of  a stairway,  walk  up 
the  stairway  at  your  ordinary  rate,  noting  how  many  seconds  are 
■ required  to  reach  the  top.  Calculate  how  many  foot-pounds  of  work 
I you  did  each  minute.  Take  the  average  of  two  trials.  What  frac- 
I tion  of  a horsepower  expresses  the  rate  at  which  you  worked? 
Compare  your  results  with  those  of  others  in  your  class. 

j Problem  4:  How  Is  the  Energy  of  Steam 

Put  to  Work? 

! How  is  steam  generated  for  power?  The  steam  which  is 
necessary  to  run  a steam  engine  is  generated  in  boilers 
by  heating  water.  A common  type  of  boiler  is  the  fire-tube 
boiler  (Figure  378).  It  consists  of  iron  tubes  fastened  inside 

I a large  cylinder  made  of  steel  plates.  The  tubes  extend  the 

I I full  length  and  open  at  each  end  through  the  heavy  steel 
! 1 ends  of  the  boiler.  The  boiler  is  so  placed  and  so  constructed 
' ! that  the  hot  gases  from  the  fire  pass  through  the  iron  tubes 
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on  their  way  to  the  smokestack  and  heat  the  water  in  the 
spaces  around  the  fire  tubes.  Since  the  boiler  is  only  partly 

filled  with  water,  the 
steam  which  is  formed 
can  collect  in  the  space 
above  the  water  level. 
Pipes  from  the  top  of 
the  boiler  carry  the 
steam  to  the  engine. 

Another  form  of 
boiler  used  to  generate 
steam  in  large  quan- 
tities for  stationary 
engines  is  the  water- 
tube  boiler  (Figure  379). 
In  this  boiler  the  water 
is  in  the  tubes,  and  the 
hot  gases  from  the  fire 
pass  around  these 
tubes,  thus  heating  the 
water  inside.  The  steam 
from  the  tubes  then 
collects  in  the  upper 
part  of  the  steam  dome.  This  is  a very  efficient  type  of  boiler. 

Since  steam  may  exert  a tre- 
mendous pressure  in  the  boiler 
when  the  fire  is  very  hot,  there 
must  be  some  way  to  avoid  the 
bursting  of  the  boiler.  To  prevent 
this,  boilers  are  fitted  with  safety 
valves.  Figure  380  shows  one  kind 
of  safety  valve.  This  is  called  the 
weight-and-lever  safety  valve.  The 
device  is  fitted  to  the  top  of  the 
boiler.  The  cone-shaped  valve  fits 
against  the  valve  seat  and  is  held  down  by  the  weight  on  the 
lever.  By  adjusting  the  position  of  the  weight,  any  desired 


Blow-off 


Fig.  380.  Find  the  lever  In 
this  safety  valve.  Is  it  a 
first-,  second-,  or  third-class 
lever?  (See  page  460.) 


Fig.  379.  A water-tube  boiler.  The  baffle 
plates  cause  the  hot  gases  to  pass  over  the 
tubes  a number  of  times  before  they  pass  up 
the  chimney. 
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force  can  be  exerted  downward  on  the  valve.  When  the  pres- 
sure of  the  steam  in  the  boiler  becomes  greater  than  the  down- 
ward pressure  of  the  valve,  the  valve  is  forced  open,  and 
the  steam  escapes  through  the  blow-off  pipe 
until  the  proper  pressure  is  reached. 

The  great  steam  pressure  required  to 
operate  large  steam  engines  is  possible 
because  when  the  water  is  heated  in  an 
enclosed  boiler,  the  boiling  point  of  the 
water  is  changed. 

Experiment  99.  (To  be  done  by  the  instruc- 
tor.) How  does  the  boiling  point  of  water 
depend  upon  the  pressure?  (a)  Pour  some 
water  in  a flask  or  in  a tin  can  with  a narrow 
neck.  Fit  a one-holed  stopper  with  a thermom- 
eter and  arrange  the  apparatus  as  in  Fig- 
ure 381.  Heat  the  water  until  it  boils,  holding  the  thermometer  so 
the  stopper  does  not  close  the  mouth  of  the  vessel.  The  temperature 
will  be  about  100®  C.  or  212®  F.,  depending  upon  the  altitude.  Now 
push  the  stopper  slowly  and  gently  (not 
securely)  into  the  mouth  of  the  flask,  allow- 
ing a little  steam  to  escape.  What  effect 
does  this  have  upon  the  temperature? 
(Caution.  Stand  back  an  arm’s  length.) 

(b)  If  mercury  and  glass  tubing  are  avail- 
able, arrange  an  apparatus  as  shown  in  Fig- 
ure 382.  Bring  the  water  to  boiling  and  note 
the  temperature.  Then  insert  the  stopper 
tightly  and  heat  the  flask  with  a very  small 
flame.  The  difference  in  level  of  the  mercury 
in  the  two  arms  of  the  tube  will  give  the 
pressure  above  the  atmospheric  pressure. 
You  can  take  several  different  readings  of 
the  thermometer,  and  at  the  same  time  take 
a corresponding  reading  of  the  mercury 
levels  by  placing  a ruler  back  of  the  arms 
of  the  tube.  (A  difference  in  the  mercury  level  of  one  inch  is  equal 
to  a pressure  of  .49  pound  per  square  inch.)  From  these  readings  you 
can  see  how  the  boiling  point  varies  with  the  pressure. 


Thermometer 
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Water  changes  to  steam  at  approximately  100°C.  or 
212°F.  when  heated  in  an  open  vessel.  It  cannot  be  heated 
above  this  temperature  in  an  open  container,  for  as  more 
heat  is  added,  more  water  changes  to  steam.  This  change  of 
a fluid  to  a gas  takes  up  the  additional  heat,  and  the  tempera- 
ture of  the  water  remains  at  about  100°  C.  or  212°F.  In  the 


Fig.  383.  A common  type  of  stationary  steam  engine. 


boiler  the  steam  cannot  escape;  it  therefore  exerts  a pressure 
against  the  surface  of  the  water.  The  water  cannot  change 
to  steam  so  rapidly  because  of  this  pressure,  and  the  added 
heat  from  the  fire  box  increases  the  temperature  of  both 
the  water  and  the  steam.  The  speed  at  which  the  molecules 
of  steam  move,  and  thus  the  force  with  which  they  strike  the 
piston,  depends  upon  their  temperature ; the  higher  the  tem- 
perature, the  greater  the  speed  and  the  greater  the  pressure. 
In  the  boilers  for  the  steam  engines  on  locomotives  the  tem- 
perature of  the  steam  is  often  as  high  as  400°F. 

How  does  steam  run  an  engine?  Figure  384  shows  the 
parts  which  are  essential  to  the  steam  engine.  The  steam 
comes  from  the  boiler  through  a pipe  and  enters  the  steam 
chest,  which  is  an  iron  box  located  at  the  side  of  or  directly 
above  the  cylinder.  In  the  bottom  or  side  of  the  steam  chest 
are  three  openings.  Two  of  these  lead  to  the  cylinder,  and 
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are  called  the  ports.  On  the  bottom  of  the  steam  chest  rests 
a heavy  metal  block,  hollowed  out  on  the  lower  side,  which 
slides  back  and  forth  when  pulled  or  pushed  by  the  slide-valve 
rod.  This  metal  block  is  called  the  slide  valve,  and  is  large 
enough  always  to  cover  one  port  and  the  opening  of  the 
exhaust  pipe,  through  which  the  used  steam  leaves  the  engine. 
Inside  the  cylinder  is  a disk  called  the  piston,  to  which  is 
attached  the  piston  rod.  The  piston  rod  is  attached  to  the 
flywheel  shaft  by  the  crank  pin.  Any  motion  of  the  piston 


FLYWHEEL 


•SLIDE-VALVE 

ECCENTRIC 


CYLINDER 


SLIDING  GUIDE 


Fig.  384.  This  is  what  the  engine  in  Figure  383  would  look  like  if 
it  were  cut  away  and  seen  directly  from  above. 

rod  will  turn  the  flywheel.  As  the  flywheel  rotates,  the  slide- 
valve  rod  is  moved  backward  and  forward,  opening  and 
closing  the  ports  at  the  proper  time. 

Steam  enters  the  steam  chest  from  the  boiler.  From  here 
it  passes  through  port  A and  enters  the  cylinder,  where  the 
kinetic  energy  of  the  rapidly  moving  molecules  forces  the 
piston  toward  the  other  end.  Any  steam  in  the  other  end  of 
the  cylinder  is  forced  out  of  port  B into  the  hollow  of  the 
slide  valve  and  escapes  through  the  exhaust,  which  opens 
into  the  outside  air.  As  the  piston  moves,  the  piston  rod, 
kept  in  a horizontal  position  by  the  sliding  guide,  turns 
the  wheel  by  means  of  the  crank-pin  attachment.  When 
the  flywheel  rotates,  the  slide-valve  eccentric  moves  the  slide 
valve  toward  the  opposite  end  of  the  steam  chest.  By  the 
time  the  piston  has  reached  the  left  end  of  the  cylinder, 
the  slide  valve  has  moved  far  enough  in  the  opposite  direc- 
tion to  uncover  port  B and  connect  port  A with  the  exhaust 
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pipe.  Steam  now  enters  the  cylinder  from  the  steam  chest 
through  port  B and  forces  the  piston  in  the  opposite  direc- 
tion, causing  the  wheel  to  continue  its  rotation.  At  the  same 
time  the  steam  in  the  right  end  of  the  cylinder  is  forced  out 
into  the  air  through  the  exhaust.  As  the  piston  reaches  the 
right  end,  the  slide  valve  has  moved  to  the  opposite  end  of 
the  steam  chest,  and  steam  enters  port  A,  driving  the  piston 
in  the  opposite  direction.  And  so  the  back-and-forth  motion 
of  the  piston  is  changed  to  the  circular  motion  of  the  wheel, 
which  continues  to  rotate  so  long  as  steam  passes  from  boiler 
to  steam  chest.  This  flow  of  steam  is  controlled  by  a valve 
called  the  throttle  valve,  which  is  operated  by  a lever. 

The  flywheel  to  which  the  piston  is  attached  is  necessary 
to  make  the  engine  run  more  evenly.  It  is  very  heavy,  and 
thus  its  speed  cannot  be  changed  quickly.  When  the  piston 
is  at  either  end  of  the  cylinder,  there  is  no  steam  pressure 
on  it.  (Examine  Figure  384  to  see  why  this  is  true.)  These 
are  called  the  dead  points.  The  inertia  of  the  heavy  flywheel 
moves  the  piston  past  these  points,  and  so  the  steam  can 
again  exert  pressure  upon  the  piston.  If  it  were  not  for  the 
flywheel,  the  engine  would  slow  up  a great  deal  at  the  end 
of  each  stroke,  and  if  the  load  were  very  heavy,  it  might 
stop.  A belt  may  be  run  by  the  flywheel,  or  a small  belt 
wheel  may  be  rigidly  attached  to  the  axle  of  the  flywheel. 
In  some  cases  gears  are  used  to  transfer  the  energy  of  the 
wheel  to  machinery. 

Suggested  Activity.  Bring  a toy  steam  engine  to  the  classroom. 
Examine  it  carefully.  Start  the  engine  and  study  its  operation. 
Make  a section  drawing  showing  the  fire,  the  boiler,  and  the  engine. 

Self-testing  exercise  7.  (a)  If  the  weight  in  Figure  380  is  20 

pounds  and  is  placed  12  inches  from  the  fulcrum,  while  the  distance 
from  the  fulcrum  to  the  valve  stem  is  3 inches,  what  force  must  the 
steam  exert  to  open  the  valve? 

(6)  Draw  a steam  engine  like  that  shown  in  Figure  384,  but  with 
the  piston  at  the  other  end  of  the  cylinder.  Show  the  position  of 
the  slide  valve  and  the  direction  of  the  steam  through  the  engine. 
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Fig.  385.  Sections  of  this  one-cylinder  gas  engine  have  been  cut  away  in 
the  drawing  to  show  certain  of  the  working  parts. 


Problem  5:  How  Is  the  Energy  of  Exploding  Gas 
Used  to  Do  Work? 

Study  Suggestion.  While  it  would  be  interesting  to  study  about 
various  explosive  materials,  you  will  be  especially  interested  in  this 
problem  to  learn  how  explosive  mixtures  are  used  in  the  “gas 
engine”  and  how  the  gas  engine,  as  a machine,  does  work. 

How  is  the  energy  of  an  explosive  mixture  of  gas  and  air 
released?  You  know  from  experience  or  hearsay  that  com- 
bustible liquids  and  gases  burn  quietly  when  they  are  in  open 
vessels  in  contact  with  oxygen.  Under  this  condition  the 
fuel  combines  with  the  oxygen,  and  the  chemical  energy  of 
the  materials  is  converted  into  heat  and  light  while  the 
chemical  change  takes  place.  Perhaps  you  also  know  that 
certain  mixtures  of  a combustible  gas  and  air  explode  when 
a spark  or  alighted  match  is  brought  into  contact  with  the  mix- 
ture, and  that  if  the  mixture  explodes  inside  a vessel  or  inside 
a building,  it  may  do  much  damage. 
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Experiment  100.  Are  all  mixtures  of  a combustible  gas  and  air 
explosive?  (a)  Obtain  a small  tin  baking-powder  can  and  punch 
a small  hole  through  the  lid.  Also  punch  a small  hole  in  the  side  of 
the  can  near  the  bottom.  Fill  the  can  with  illuminating  gas  by 
means  of  a rubber  tube  leading  to  the  small  hole  in  the  side.  Stand 
back  at  a safe  distance  and  bring  a flame  near  the  hole  in  the  lid. 
What  happens?  Stand  back  and  observe  the  flame  at  the  top  of  the 

can.  As  the  gas  burns 
at  the  top,  air  enters 
at  the  bottom.  What 
happens  when  the 
correct  mixture  of 
gas  and  air  is  ob- 
tained? 

(6)  Repeat  this  ex- 
periment as  follows: 
Warm  the  can  in  a 
flame,  remove  the 
lid,  and  pour  in  15  or 
20  drops  of  gasoline. 
Place  the  lid  on  the 
can  and  shake  the 
can  up  and  down  un- 
til the  gasoline 
vaporizes  and  mixes 
with  the  air.  Then 
bring  a flame  to  the 
hole  in  the  side. 
What  happens?  Re- 
peat the  experiment,  using  a different  amount  of  gasoline  until  you 
find  the  correct  mixture  to  make  an  explosion. 

You  see  from  this  experiment  that  when  a combustible 
gas  and  air  are  mixed  in  a certain  ratio,  the  mixture  may 
release  a large  amount  of  energy  through  the  very  rapid 
chemical  change  which  takes  place.  The  heat  produced  by 
the  chemical  change  gives  the  molecules  of  the  gases  formed 
by  the  chemical  change  enormous  speed  and  thus  increases 
their  kinetic  energy. 


Fig.  386.  Cylinder  block  of  a four-cylinder  gas 
engine.  The  spark  plug  openings  are  shown  in 
the  cylinder  head,  which  is  tilted  back.  The 
gasket  in  the  foreground  is  placed  on  top  of  the 
cylinder  block,  and  then  the  cylinder  head  is 
screwed  down  tight. 
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How  is  a gas  engine  run  by  the  energy  of  exploding  gas? 

The  part  of  the  gas  engine  in  which  the  explosion  takes  place 
is  nothing  more  than  a cylindrical  hole,  called  the  cylinder, 
bored  into  a block  of  iron.  Figure  386  shows  the  top  of  the 


cylinder,  which  is  closed  by  a cap,  or  cylinder  head.  Three 
holes  open  into  the  upper  part  of  each  cylinder.  One,  from 
above,  is  the  opening  for  the  spark  plug.  The  other  two 
openings  are  called  the  intake  and  the  exhaust  ports.  The 
mixture  of  gas  and  air  enters  through  the  intake  port,  and 
exploded  gas  is  forced  out  of  the  exhaust  port.  These  two 
openings  are  controlled  by  valves  which  open  and  close 
automatically  at  the  proper  time,  so  that  while  one  is  open, 
the  other  is  closed. 

On  the  inside  of  the  cylinder  is  the  piston  (Figure  387). 
The  piston  is  connected  by  a rod  to  the  crankshaft  (Figures 
385,  387,  and  389).  At  one  end  of  the  crankshaft  is  a large 
heavy  flywheel  from  which  the  power  is  transmitted  by  a 
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belt,  clutch,  or  series  of  gears.  The  other  end  of  the  crank- 
shaft is  usually  fitted  with  a crank  for  starting  the  engine. 
These  parts  make  up  the  engine  itself. 

To  operate  the  engine  a mixture  of  gasoline  vapor  and 
air  must  be  admitted  into  the  cylinder.  To  do  this,  gasoline 
must  first  be  brought  by  pipes  from  the  tank  to  the  car- 
buretor (Figure  388).  The  flow  of  the  gasoline  into  the  float 

chamber  is  regulated  by  a 
valve  attached  to  the  bot- 
tom part  of  the  float.  From 
the  float  chamber  the  gaso- 
line is  sprayed  into  the  mix- 
ing chamber,  where  it  vapo- 
rizes and  is  mixed  with  the 
proper  amount  of  air.  Since 
gasoline  must  be  changed  to 
a vapor,  or  gas,  before  it 
mixes  with  the  air  to  form 
an  explosive  mixture,  you 
may  properly  speak  of 
gasoline  engines  as  gas  en- 
gines. 

Now  let  us  see  how  the  four-cycle  engine  uses  the  energy  of 
the  explosive  mixture  to  do  work.  First,  the  correct  mixture 
of  gasoline  and  air  must  pass  from  the  carburetor  to  the 
cylinder.  This  is  accomplished  automatically.  As  the  piston 
moves  downward  (Figure  389A),  a partial  vacuum  is  produced 
in  the  cylinder.  Why?  As  the  intake  valve  opens,  the  pres- 
sure of  the  outside  air  will  force  the  air  and  gasoline  vapor 
from  the  carburetor  into  the  cylinder.  This  is  called  the 
intake  stroke. 

The  cylinder  is  now  filled  with  an  explosive  mixture.  The 
piston  is  then  forced  upward,  while  both  intake  and  exhaust 
valves  are  closed,  thus  compressing  the  mixture  of  gas  and 
air  (Figure  389B).  The  compressed  mixture  will  produce  a 
greater  force  when  it  is  exploded  than  a mixture  which  is  not 


Fig.  388.  Sectional  view  of  a car- 
buretor. 
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compressed.  Why?  This  stroke  of  the  engine  is  called  the 
compression  stroke. 

The  piston  is  now  at  the  top  of  the  cylinder.  The  electric 
spark  then  passes  across  the  gap  between  the  points  of  the 
spark  plug,  igniting  the  mixture,  and  an  explosion  takes 


Fig.  389.  The  four  cycles  of  a gas  engine.  The  crank  shaft  rotates  in  the 
oval  crank  case,  which  is  partly  filled  with  oil  to  keep  the  engine  properly 
lubricated.  A pump  forces  the  oil  to  other  parts  of  the  engine. 


place.  Both  of  the  valves  are  closed,  so  that  the  great  energy 
of  the  hot  gases  drives  the  piston  downward.  This  is  the 
explosion,  or  power  stroke  (Figure  389C). 

The  cylinder  is  now  full  of  exploded  gas.  On  the  upward 
stroke  of  the  piston,  the  exhaust  valve  is  opened,  and  the 
burned  gases  are  driven  out  through  the  exhaust  (Figure 
389D).  This  is  called  the  exhaust  stroke. 

As  soon  as  the  piston  starts  downward  again,  the  intake 
valve  opens,  and  a fresh  supply  of  gas  and  air  enters  the 
cylinder.  This  type  is  called  a four-cycle  engine.  As  soon  as 
the  four  strokes  are  completed,  the  engine  begins  on  the 
next  cycle. 
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Table  16  shows  the  different  strokes  and  the  position  of 
the  valves  for  each  stroke. 

TABLE  16.  The  Four  Strokes  of  a Gas  Engine 


Stroke 

Action 

Direction  of 
Piston 

Position 

OF  Exhaust 
Valve 

Position  of 
Intake  Valve 

1st  stroke 

intake 

downward 

closed 

open 

2nd  stroke 

compression 

upward 

closed 

closed 

3rd  stroke 

explosion 

downward 

closed 

closed 

4th  stroke 

exhaust 

upward 

open 

closed 

Since  the  gas  engine  delivers  power  only  during  the  explo- 
sion stroke,  some  device  is  necessary  to  keep  the  engine  going 
during  the  other  three  strokes.  This  is  accomplished  by  the 
flywheel,  which  is  attached  to  the  crankshaft.  The  flywheel 
is  very  heavy,  and  it  takes  a great  deal  of  energy  to  set  it  in 
rapid  motion.  (See  page  500.)  As  its  speed  increases,  it  be- 
comes more  and  more  difficult  to  stop.  The  kinetic  energy 
stored  in  the  moving  flywheel  thus  keeps  the  engine  in  motion 
during  the  intervals  between  the  power  strokes. 

Gas  engines  have  from  one  to  sixteen  cylinders.  In  a one- 
cylinder  engine  there  is  one  power  stroke  to  every  two  revo- 
lutions of  the  flywheel.  In  a four-cylinder  engine  at  any  given 
moment  each  piston  is  at  a different  stroke  (Figure  389) ; 
consequently,  there  is  a power  stroke  for  each  one-half  revo- 
lution of  the  flywheel.  In  the  six-cylinder  engine  there  is 
a power  stroke  for  every  one- third  revolution  of  the  flywheel, 
and  in  an  eight-cylinder  engine  a power  stroke  for  every  one- 
quarter  revolution  of  the  flywheel.  When  the  engine  is 
going  very  fast,  the  explosions  take  place  so  quickly  that  an 
almost  continuous  power  is  developed. 

In  addition  to  the  power  system  there  are  several  other 
systems  necessary  in  the  operation  of  a gas  engine.  An 
electrical  system  is  needed  to  generate  electricity  and  furnish 
it  to  the  engine  at  the  proper  time  to  set  off  the  explosions. 
All  of  the  moving  parts  must  be  well  oiled  to  keep  them  from 
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wearing  out;  some  kind  of  lubrication  system  is  needed  to 
accomplish  this.  The  tremendous  heat  produced  in  the 
explosions  must  be  carried  away  to  prevent  the  engine  from 
becoming  red-hot.  An  air  or  water  cooling-system  is  used 
to  take  care  of  this.  In  using  the  engine  to  pump  water, 
saw  wood,  run  an  automobile,  or  operate  any  other  machine, 
a transmission  system  is  required  so  that  the  energy  of  the 


Fig.  390.  This  picture  shows  the  upper  half  of  three  of  the  cylinders 
of  a Diesel  engine  designed  for  use  in  ships.  This  particular  engine  devel- 
ops three  thousand  horsepower.  It  consumes  fourteen  tons  of  oil  every 
twenty-four  hours.  (Underwood  and  Underwood.) 

engine  may  be  transferred  to  the  driving  part  of  the  machine. 
You  will  study  this  in  Unit  XVII.  In  order  to  keep  a gas 
engine  in  good  running  condition  it  is  essential  that  the  opera- 
tion of  each  of  these  systems  be  kept  at  the  highest  efficiency. 
This  means  that  each  system  and  its  relation  to  the  operation 
of  the  engine  should  be  understood  by  the  operator. 

How  does  a Diesel  engine  work?  In  recent  years  a new 
form  of  gas  engine  which  uses  oil  and  air  instead  of  gasoline 
and  air  has  come  into  use.  This  engine  was  invented  by 
Rudolph  Diesel  in  1893  and  bears  his  name.  It  works  much 
like  the  gas  engine  previously  described  except  that  it  does  not 
require  an  electric  spark  or  a carburetor.  In  the  four-cycle 
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Diesel  engine  (Figure  390),  the  air  is  taken  into  the  cylinder 
of  the  engine  on  the  intake  stroke.  It  is  then  compressed 
during  the  compression  stroke.  The  compression  is  so  great 
that  the  pressure  may  rise  to  500  pounds  per  square  inch. 
The  compression  also  heats  the  air  to  a temperature  as  high 
as  1000°F.  When  the  air  is  compressed,  the  oil  is  sprayed 
into  it  through  the  oil-inlet  valve.  The  oil  is  instantly  vapor- 
ized and  ignited  at  the  high  temperature,  causing  the  explo- 
sion stroke.  At  the  exhaust  stroke  the  burned  gases  are 
driven  out  of  the  exhaust  valve.  The  four  cycles  are  then 
repeated.  Like  the  ordinary  gas  engine,  the  Diesel  engine  is 
an  internal  combustion  engine,  because  the  fuel  is  burned  in 
the  cylinder.  The  steam  engine  is  an  external  combustion 
engine;  that  is,  the  fuel  is  burned  in  a fire-box  separate  from 
the  cylinder  in  which  it  exerts  its  force. 

The  Diesel  engine  has  found  great  use  in  city  power  plants 
and  in  yachts,  light  cruisers,  and  dredges.  Its  value  in 
operating  airplanes  has  also  been  demonstrated.  Recently, 
some  large  ocean-going  ships,  such  as  the  famous  Bremen, 
have  been  fitted  with  Diesel  engines  as  their  source  of  power. 
While  these  engines  are  more  expensive  to  install  and  repair 
in  ships  than  are  steam  engines,  they  require  much  less 
space  and  fewer  men  to  care  for  them.  They  also  use  a grade 
of  oil  that  is  cheaper  than  gasoline. 

Self-testing  exercise  8.  (a)  Why  is  a gas  engine  hard  to  start  in 
very  cold  weather? 

{h)  The  “choker”  on  the  dashboard  of  an  automobile  closes  or 
opens  the  valve  in  the  air-inlet  pipe  which  leads  from  the  outside 
air  to  the  carburetor  (Figure  388).  What  is  the  value  of  the  “choker” 
in  starting  and  running  a gas  engine? 

(c)  Why  must  a carburetor  be  adjusted  at  different  seasons  of 
the  year?  At  different  altitudes? 

Summary  exercise  on  Unit  Xin.  Make  a list  of  all  the  principles 
or  big  ideas  of  science  that  you  have  learned  from  your  study  of 
Unit  XIII.  Write  them  in  sentence  form. 
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Additional  Exercises 

1.  Make  a drawing  of  a double-acting  air-compression  pump. 
Compare  it  with  a double-acting  force  pump  for  water. 

2.  How  could  you  empty  the  water  from  a gold-fish  bowl  and 
refill  the  bowl  without  moving  it? 

3.  What  is  the  pressure  per  square  foot  against  a dam  at  a 
depth  of  60  feet?  Remember  that  water  pressure,  like  air  pressure, 
is  the  same  in  all  directions  at  any  depth  (one  cubic 
foot  of  water  weighs  62.4  pounds).  Explain  your 
answer. 

4.  Take  apart  a bicycle  or  automobile  pump  and 
see  how  it  works.  Make  a section  drawing  of  the 
pump  and  explain  from  the  drawing  how  it  works. 

5.  Set  up  an  apparatus  (Figure  391)  with  the 
upper  bottle  about  one-fourth  full  of  water.  Open 
the  pinch-clamp  so  that  water  may  run  out  of  tube  A. 

Explain  what  you  see. 

6.  Make  a siphon  of  glass  tubing  like  that  in  Figure  392.  Lower 
it  into  a tall  jar  of  water  as  shown,  and  observe  that  the  siphon 
starts  automatically.  Can  you  explain  why  it  works? 

7.  Make  a metal,  cardboard,  or  wood  model  of 
any  one  of  the  machines  that  you  have  studied  in 
this  unit.  Be  ready  to  demonstrate  it  in  class. 

8.  Would  it  be  possible  to  siphon  water  from 
a stream  into  a reservoir  below  the  level  of  the 
stream  if  the  pipe  line  had  to  run  over  a bank 
sixty  feet  high? 

9.  How  can  a steam  engine  be  used  to  pump 
water? 

10.  Trace  back  to  the  sun  the  energy  of  steam 
made  by  burning  coal  under  a boiler. 

11.  Why  does  the  puff  of  a locomotive  become 
more  rapid  as  the  engine  increases  its  speed? 

12.  Make  a comparison  of  the  steam  engine 
and  the  gasoline  engine  as  sources  of  power  for 

running  an  automobile. 

13.  A four-cylinder  engine  produces  a more  even  power  than  a 
one-cylinder  engine.  Why? 


Fig.  392. 


Fig.  391. 
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14.  Why  is  the  radiator  of  an  automobile  constructed  like  a 
honeycomb? 

15.  Why  is  alcohol  used  in  the  radiator  of  an  automobile  in  the 
wintertime? 

16.  Visit  a large  industrial  plant  in  your  neighborhood  and  learn 
(a)  the  source  of  power  used,  (b)  how  the  power  is  transferred  to 
the  machines,  (c)  the  kinds  of  machines  used,  and  (d)  the  force  of 
nature  which  is  being  overcome  by  each  machine. 

17.  Why  are  water  wheels  and  turbines  more  efficient  machines 
than  the  steam  engine? 

18.  Examine  the  vacuum-cleaner  which  you  have  at  home  and 
prepare  a report  on  its  operation.  If  you  do  not  use  a vacuum- 
cleaner  in  your  home,  obtain  descriptive  literature  from  the  manu- 
facturer of  one  kind  of  cleaner  and  prepare  the  report.  You  may 
wish  to  compare  different  kinds  and  to  decide  which  would  be  the 
best  one  to  purchase. 

19.  Visit  a water-power  plant  and  learn  (a)  what  kind  of  water 
wheel  is  used,  (b)  the  amount  of  power  which  it  develops,  (c)  how 
the  force  is  transferred  from  the  wheel  to  the  machinery,  and  (d) 
how  efficient  the  wheel  is. 

20.  By  what  different  means  can  curvilinear  motion  be  changed 
to  rectilinear  motion? 

21.  How  has  the  growing  use  of  the  gas  engine  (a)  made  possible 
better  education  of  Canadians,  (b)  led  to  the  improvement  of  high- 
ways, (f)  provided  us  with  better  use  of  leisure  time,  (d)  interfered 
with  electric-  and  steam-train  business,  and  (e)  changed  social  and 
industrial  conditions  in  rural  areas? 


UNIT  XIV 


HOW  ARE  ELECTRIC  CURRENTS  OBTAINED 
AND  USED? 

Preliminary  Exercises 

1.  Make  a drawing  showing  how  you  would  connect  two  cells 
to  an  electric  motor.  What  other  method  of  connecting  the  cells 
could  be  used? 

2.  What  are  the  differences  between  a dry  cell  and  a storage 
battery? 

3.  What  is  the  difference  between  a dynamo  and  a motor?  In 
what  ways  are  they  alike? 

4.  How  is  an  electromagnet  constructed?  How  does  it  work? 

5.  Write  a paper  entitled  “What  Electricity  Is.”  In  this  paper 
tell  all  you  know  about  electricity. 

6.  How  is  the  speed  of  an  electric  motor  regulated? 

7.  What  is  meant  by  the  term  “complete  circuit”? 

8.  What  is  the  purpose  of  the  push-button  in  an  electric-bell 
circuit? 

9.  How  is  electroplating  done? 

10.  How  does  an  electric  current  cause  motion  in  a motor? 


The  Story  of  Unit  XIV 

Electricity  is  one  of  the  most  useful  of  all  forces.  By 
harnessing  this  force  man  has  come  into  possession  of  an 
unlimited  source  of  energy.  Electricity  can  drive  machinery 
of  all  sorts,  propel  vehicles,  lift  heavy  objects,  and  transmit 
messages.  Under  certain  conditions  it  is  changed  into  heat 
and  light  energy,  as  occurs  in  the  electric  toaster  and  the 
electric-light  bulb.  When  it  is  passed  through  solutions  of 
certain  chemicals,  it  can  decompose  them.  Use  is  made  of 
this  property  to  electroplate  articles  with  gold  and  silver,  to 
free  metals  from  their  ores,  and  to  make  many  other  new 
substances.  Through  these  important  uses  of  electricity  man 
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has  changed  living  conditions  so  that  the  humblest  home 
today  may  be  supplied  with  conveniences  which  were  beyond 
the  reach  of  kings  a hundred  years  ago. 

The  story  of  man’s  progress  in  learning  how  to  use  electric- 
ity is  a fascinating  one.  Even  today  this  story  is  not  complete. 
At  any  time  the  newspapers  may  announce  some  new  dis- 
covery or  invention  in  this 
field.  The  rapid  progress 
made  in  the  past  fifty  years 
may  best  be  illustrated  by 
reference  to  some  of  the  im- 
portant discoveries  which 
have  made  possible  our 
present-day  use  of  the 
electric  current. 

Just  who  discovered 
electricity  will  probably 
never  be  known.  As  far 
back  as  600  b.c.  it  was 
known  that  amber  (a  ma- 
terial similar  to  bakelite) 
would  attract  light  arti- 
cles, such  as  paper  or  pith 
from  plants,  if  rubbed  with*  certain  materials.  You  have 
probably  generated  electricity  in  this  fashion  by  rubbing  a 
hard-rubber  comb  with  a woollen  cloth.  For  two  thousand 
years  electricity  produced  in  this  manner  was  the  only  kind 
known.  It  was  thought  that  the  electric  charge  produced  on 
objects  was  stationary;  hence,  the  charge  came  to  be  known 
as  static  electricity.  This  electricity  was  believed  to  have  no 
practical  value,  and  was  of  interest  only  to  scientists,  who  re- 
garded it  as  a rather  curious  property  which  some  materials 
possessed. 

During  the  eighteenth  century  a great  deal  of  experimen- 
tation was  carried  on  with  static  electricity,  and  many  more 
facts  about  its  nature  were  discovered.  Progress  in  the  use 


Fig.  393.  By  his  famous  experiment 
with  a kite  and  lightning,  Benjamin 
Franklin  proved  that  lightning  and 
electricity  are  the  same. 
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of  electricity,  however,  awaited  a new  discovery.  This  dis- 
covery was  made  by  Alessandro  Volta,  an  Italian  scientist, 
in  1799.  He  found  a method  of  producing  a current  of  electric- 
ity. This  invention,  the  electric  cell, 
produced  an  electric  current  by  chem- 
ical action;  that  is,  it  transformed 
chemical  energy  into  electrical  energy. 

The  invention  of  the  cell  making 
possible  the  production  of  an  electric 
current  opened  up  a whole  new  field  of 
investigation.  It  was  now  possible  to 
discover  the  effects  produced  by  an 
electric  current.  One  of  the  outstand- 
ing discoveries  was  that  made  by  Hans 
Christian  Oersted  (Or'steth),  a Danish 
scientist,  in  1819.  He  found  evidence 
of  a relationship  between  magnetism  and  electricity.  Build- 
ing upon  the  discovery  of  this  relationship,  Michael  Faraday, 
one  of  the  greatest  scientists  of  all 
time,  in  1831  was  able  to  generate 
an  electric  current  by  moving  a coil 
of  wire  between  the  poles  of  a mag- 
net (Figure  395).  This  experiment  is 
the  basis  of  the  modern  dynamo  or 
generator,  although  it  was  not  until 
thirty  or  forty  years  after  this  dis- 
covery that  the  generator  began  to 
take  the  place  of  the  cell  as  a source 
of  electrical  energy. 

With  a plentiful  source  of  electric- 
ity, such  as  the  generator  supplies, 
man’s  understanding  and  use  of  elec- 
tricity increased  rapidly.  One  of  the 
many  electrical  devices  invented  was 
the  electric  motor  which  transforms  electrical  energy  into 
mechanical  energy  and  does  so  many  kinds  of  work  for  us 


Fig.  395.  If  the  coil  of 
wire  is  revolved  either 
backward  or  forward  be- 
tween the  poles,  or  ends, 
of  the  horseshoe  magnet, 
a current  of  electricity  is 
generated. 


Fig.  394.  A Voltaic  cell. 
Cu  is  the  symbol  for 
copper.  Zn  is  the  sym- 
bol for  zinc.  The  sym- 
bol for  sulphuric  acid  is 
H2SO4. 
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today.  Other  devices  transform  electrical  energy  into  heat 
energy,  light  energy,  and  chemical  energy. 

In  this  unit  you  will  attempt  to  answer  many  of  the  ques- 
tions which  have  puzzled  you.  What  is  an  electric  current? 

How  is  a current  of  electricity 
produced  by  a cell?  How  does 
an  electric  motor  operate?  How 
should  cells  be  connected  ? How  are 
objects  plated  with  metals?  How 
is  the  speed  of  a motor  regulated? 

Problem  1:  How  Are  Electri- 
cal Currents  Generated? 

Study  Suggestion.  Since  an  elec- 
tric current  can  do  work,  it  is  a form 
of  energy.  The  production  of  electri- 
cal energy  can  only  be  brought  about 
through  the  transformation  of  some 
other  form  of  energy.  In  this  prob- 
lem you  should  learn  how  certain  forms  of  energy  may  be  changed 
to  electrical  energy.  Keep  this  in  mind. 

How  is  electricity  generated  in  a simple  cell?  Before  you 
try  to  understand  how  electricity  is  generated  in  a cell,  you 
should  first  make  a simple  cell  and  observe  it  for  any  evidences 
of  chemical  action.  You  should  also  observe  certain  conditions 
which  result  from  this  chemical  action. 

Experiment  101.  How  may  a simple  cell  be  constructed?  (a)  Ob- 
tain a glass  tumbler,  a strip  of  zinc,  and  a strip  of  copper.  (Strips 
five  or  six  inches  long  and  one  inch  wide  are  satisfactory.)  Make 
a hole  in  one  end  of  each  strip  so  that  a wire  may  be  attached. 
Bend  the  end  with  the  hole  so  that  it  will  hang  on  the  rim  of  the 
tumbler  (Figure  396).  Make  a solution  of  sulphuric  acid,  using 
one  part  of  acid  to  ten  parts  of  water.  {Always  pour  the  acid  into 
the  water.)  Pour  the  mixture  into  the  tumbler.  Connect  the  copper 
strip  and  the  zinc  strip  with  a wire  about  two  feet  in  length.  Observe 
the  two  strips  for  any  sign  of  chemical  action.  On  which  strip,  or 


Fig.  396.  A simple  cell.  The 
zinc  and  copper  strips  are 
called  electrodes.  If  the  solu- 
tion is  of  the  correct  strength, 
a cell  like  this  will  ring  a bell. 
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electrode,  as  it  is  called,  do  you  find  evidence  of  chemical  action? 
Remove  the  two  electrodes  and  rinse  them  in  water. 

{b)  The  presence  of  an  electric  current  can  be  detected  by  the  use 
of  a compass.  You  will  remember  that  Oersted  discovered  that 
electric  currents  have  magnetic  effects.  In  his  famous  experiment 
he  found  that  a wire  carrying  an  electric  current  would  cause  a 
compass  needle  to  turn,  because  the  current  had  certain  magnetic 
properties.  You  can  use  his 
experiment  to  see  if  the  cell 
which  you  constructed  is  ac- 
tually generating  a current. 

First,  place  the  compass  on 
the  table.  You  will  note 
that  the  needle  points  north. 

Now  bring  the  copper  wire 
directly  over  the  needle  and 
parallel  with  it.  You  will 
note  that  the  needle  does 
not  change  its  direction. 

Now,  again  place  the  electrodes  in  the  tumbler  of  sulphuric  acid 
solution.  Again  bring  the  wire  directly  over  the  needle  of  the  com- 
pass (Figure  397).  What  is  the  result? 

(c)  Repeat  parts  (a)  and  {h),  using  two  copper  strips.  Do  you 
note  evidence  of  chemical  action?  Does  the  compass  needle  indicate 
the  presence  of  an  electric  current? 

(d)  Obtain  a dry  zinc  and  a dry  copper  electrode.  Place  them  in 
a solution  of  sugar  and  water.  Do  you  note  any  evidence  of  chemi- 
cal action?  Does  the  compass  needle  show  the  presence  of  an 
electric  current? 

Experimentation  with  many  different  materials  has  en- 
abled scientists  to  draw  the  following  conclusions  regarding 
the  construction  of  cells:  (1)  the  electrodes  must  consist 
of  different  materials;  (2)  certain  solutions  called  electrolytes 
act  chemically  upon  one  of  the  electrodes  (as  shown  by  the 
bubbles  on  the  zinc) ; and  (3)  some  solutions  do  not  act 
upon  either  of  the  electrodes  and  therefore  will  not  generate  an 
electric  current  (as  shown  by  the  sugar  solution).  Now  let  us 
see  if  we  can  understand  how  this  electric  current  is  produced. 
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In  the  first  place,  what  is  an  electric  current?  A few  years 
ago  this  question  could  not  be  answered,  but  we  now  believe 
that  an  electric  current  is  a flow  of  tiny  particles  called 
electrons.  And  now  it  is  necessary  to  explain  what  is  meant 
by  an  electron.  You  have  already  learned  that  scientists 
believe  that  materials  are  composed  of  molecules.  For 

example,  there  are  mol- 
ecules of  iron,  and  mole- 
cules of  oxygen,  and  mol- 
ecules of  water.  Scientists 
believe,  further,  that  a 
molecule  consists  of  one 
or  more  atoms.  The  mol- 
ecule of  ordinary  hydro- 
gen gas  consists  of  two 
atoms.  The  atom  is  be- 
lieved to  consist  of  a 
nucleus,  or  proton,  which 
is  charged  positively,  and 
one  or  more  negatively 
charged  particles,  or  elec- 
trons. Some  scientists 
believe  that  the  electrons  revolve  around  the  proton,  some- 
what as  the  planets  revolve  around  the  sun,  and  that  the 
positive  electric  charge  on  the  proton  is  equal  to  the  negative 
charge  on  the  revolving  electrons  (Figure  398).  The  atom, 
therefore,  is  said  to  be  neutral;  that  is,  it  has  no  electrical  charge. 

It  is  further  believed  that  most  bodies  possess  free  elec- 
trons, that  is,  electrons  which  are  not  a part  of  any  particular 
atom.  These  electrons  are  free  to  move  within  the  body  and 
from  one  body  to  another.  When  a rod  of  hard  rubber  is 
rubbed  with  wool,  a negative  charge  appears  on  the  rubber 
because  electrons  are  taken  from  the  wool  by  the  rod.  If  you 
rub  a glass  rod  with  silk,  the  silk  takes  electrons  from  the 
glass.  The  glass  is  therefore  positively  charged.  Apparently 
some  materials  have  the  ability  to  take  electrons  from  other 


O BUCTHONS  • PKQTONS 

Fig.  398.  Diagrammatic  sketches  of 
sodium  and  hydrogen  atoms.  Note  that 
the  electrons  are  negatively  charged, 
while  the  nucleus  is  positively  charged. 
Protons  and  electrons  are  the  smallest 
particles  of  matter  yet  found  by  scien- 
tists. A proton  is  as  much  smaller  than 
a pinhead  as  a pinhead  is  smaller  than 
a sphere  187,000,000  miles  in  diameter. 
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materials  under  certain  conditions.  The  movement  of  these 
electrons  is  the  electric  current. 

And  now  let  us  again  consider  the  simple  cell.  It  can  be 
shown  experimentally  that  when  copper  is  attached  to  zinc 
by  a wire,  electrons  will  flow  from  the  zinc  to  the  copper. 
Copper  would  therefore  have  a negative  charge;  that  is,  it 
would  have  more  electrons  than  are  necessary  to  neutralize 
the  protons.  The  zinc,  on  the  other  hand,  would  have  a 
positive  charge;  that  is,  it  would  not  have  enough  electrons. 
When  the  electrodes  are  placed  in  the  electrolyte,  the  sul- 
phuric acid  acts  upon  the  zinc  chemically  in  such  a way  that 
the  zinc  is  able  to  take  electrons  from  it  and  thus  build  up 
a negative  charge  of  electricity.  This  negative  charge,  how- 
ever, is  not  kept  up,  because  these  electrons  flow  from  the 
zinc  through  the  wire  to  the  copper  plate.  It  is  able  to  do  this 
because  electrons  are  also  being  taken  from  the  copper  by 
the  electrolyte.  Thus  there  is  a continuous  flow  of  electrons 
from  the  zinc  through  the  wire  to  the  copper. 

This  flow  of  electrons  is  caused  by  the  chemical  action 
which  goes  on  in  the  cell.  After  a time,  the  zinc  is  all  dis- 
solved by  the  acid,  and  a new  zinc  electrode  must  be  pro- 
vided. This  method  of  producing  an  electric  current  is, 
therefore,  just  another  example  of  the  transformation  of 
chemical  energy  into  electrical  energy. 

Note.  Before  the  electron  theory  was  formulated,  it  was  believed 
that  the  current  flowed  through  the  conductor  from  the  positive 
electrode  to  the  negative  electrode.  Many  books  still  describe  an 
electric  current  in  this  way  because  many  of  the  rules  used  to 
determine  the  direction  of  the  magnetic  field,  or  the  direction  of 
current  flow,  are  based  upon  former  theory.  Scientists  now  believe, 
however,  that  the  flow  of  current  in  the  conductor  is  from  the 
negative  (zinc)  electrode  to  the  positive  (copper)  electrode. 

There  are  types  of  cells  for  many  different  purposes.  For 
flashlights  we  commonly  use  the  dry  cell  (Figure  399).  The 
dry  cell  consists  of  parts  similar  to  those  of  the  simple  cell, 
that  is,  two  electrodes  made  of  different  elements  (zinc  and 
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carbon)  and  an  electrolyte  (ammonium  chloride).  Actually, 
the  contents  of  the  dry  cell  are  moist;  otherwise,  no  chem- 
ical action  could  take  place,  and  no  current  would  be  gen- 
erated. While  the  chemical  action  which  takes  place  in 
the  dry  cell  is  different  from  that 
which  takes  place  in  the  simple  cell, 
the  principle  of  its  operation,  as  well 
as  of  all  other  cells,  is  identical  with 
that  of  the  simple  cell. 

How  does  a storage  cell  furnish  an 
electric  current?  A storage  cell  is 
made  up  of  two  electrodes  of  differ- 
ent materials  and  an  electrolyte,  as  is 
the  simple  cell.  You  recall  that  in  the 
simple  cell  the  negative  electrode  is 
used  up,  and  the  cell  becomes  useless. 
The  storage  cell  also  becomes  inac- 
tive, or  “dead, ’’after  long  use,  but,  un- 
like the  simple  cell,  it  may  be  charged 
and  thus  have  its  activity  restored. 

Experiment  102.  How  is  a storage  cell  constructed  and  charged? 

(a)  Take  two  l-by-4-inch  lead  plates.  Make  a solution  of  sulphuric 
acid,  using  one  part  of  acid  to  eight  parts  of  water.  Pour  this  solu- 
tion into  a tumbler.  Place  the  lead  plates  in  the  solution  so  that  they 
do  not  touch  each  other  (Figure  400). 

(&)  Attach  the  lead  plates  to  an  electric  bell. 

Does  the  bell  ring? 

(c)  Connect  three  dry  cells  in  series  to  the 
lead  plates  and  allow  a current  to  pass  through 
for  three  or  four  minutes  (Figure  400).  Note 
the  bubbles  which  form  on  one  plate  and  the 
change  in  color  on  the  other  plate. 

(d)  Disconnect  the  dry  cells  and  connect  the 
plates  to  the  bell.  Leave  the  bell  connected 
until  it  stops  ringing.  Examine  the  plates  for  any  change  in  color. 

(e)  After  the  bell  stops  ringing,  pass  a current  through  the  cell 
as  in  (c),  and  then  connect  the  bell  again.  Results? 


Negative  Electrode 


Fig.  399.  Sectional  view 
of  a dry  cell. 
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When  the  two  lead  plates  are  first  put  in  the  acid,  no  cur- 
rent is  obtained,  because  the  electrodes  are  made  of  the  same 
material.  When  the  current  is  passed  through,  one  electrode 
turns  brown,  be- 
cause of  a chemical 
change  on  the  sur- 
face. The  other 
plate  remains  as 
lead.  The  result  is 
a cell  with  different 
kinds  of  electrodes, 
because  the  charge 
has  changed  the 
material  of  one. 

The  electric  energy 
which  was  passed 
into  the  cell  has 
been  changed  to 
chemical  energy. 

When  the  cell  is  dis- 
charging, the  sul- 
phuric acid  acts 
chemically  upon  the  brown  deposit  on  the  one  plate  and 
changes  it  back  into  lead.  No  current  can  now  flow,  because 
the  two  electrodes  are  composed  of  the  same  materials. 
When  a current  is  again  passed  through  the  cell,  the  cell  is 
recharged. 

For  commercial  purposes,  three  or  more  storage  cells  are 
connected  together,  making  a storage  battery.  The  materials 
used  in  cells  are  usually  lead  for  the  negative  electrodes, 
lead  peroxide  for  the  positive  electrodes,  and  sulphuric  acid 
for  the  electrolyte.  These  materials  which  compose  the 
electrodes  are  pressed  into  frames,  or  grids.  Each  cell  con- 
tains several  positive  and  several  negative  grids  or  plates. 
Perforated  hard-rubber  plates  or  other  non-conductors  keep 
the  two  kinds  of  plates  from  touching  each  other,  so  that 


Megative Terminal 
Filler  Plug 


Positive 

Terminal 


Negative 

Plates 


Fig.  401.  Sectional  view  of  a storage  battery. 
Note  the  large  size  of  the  plates.  This  cuts  down 
the  internal  resistance  of  the  cell  and  also  allows 
the  storage  of  a large  amount  of  chemical  energy. 
(Prest-O-Lite  Co.) 
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they  will  not  be  short-circuited.  The  positive  plates  of  the 
cells  are  connected  to  positive,  and  the  negative  plates  to 
negative,  as  shown  in  Figure  401. 

Unfortunately,  no  "fool-proof”  storage  battery  has  thus 
far  been  constructed.  Storage  cells  are  easily  ruined  if  they 
do  not  have  the  proper  care.  The  water 
in  the  cell  evaporates,  which  makes  it 
necessary  to  add  water  occasionally. 
Distilled  water  is  always  used  for  this 
purpose,  since  it  contains  no  minerals 
which  might  injure  the  electrodes.  The 
solution  should  never  be  below  the  top 
of  the  plates.  The  condition  of  the 
cell  can  be  determined  by  means  of  an 
hydrometer  (Figure  402).  Each  hydro- 
meter has  a scale  upon  which  are 
printed  numbers  from  1100  to  1300.  A 
cell,  to  be  fully  charged,  must  register 
from  1270  to  1300.  If  it  falls  below 
1150,  it  is  practically  discharged  and 
should  be  recharged  at  once.  If  the 
cells  test  differently,  the  battery  should 
to  taken  to  a competent  battery  expert. 
If  for  any  reason  the  battery  is  not  working  properly,  never 
pour  acid  into  it  or  try  to  fix  it  yourself.  Take  it  to  a bat- 
tery station. 

How  does  a dynamo  generate  an  electric  current?  In  order 
to  understand  how  a dynamo  generates  an  electric  current, 
it  is  first  necessary  to  examine  the  force  exerted  by  magnets. 

Experiment  103.  What  is  the  nature  of  the  force  exerted  by  mag- 
nets? (a)  Place  either  a bar  magnet  or  a horseshoe  magnet  in  a 
pile  of  iron  filings  and  then  pick  it  up.  Do  you  find  the  same  amount 
of  filings  clinging  to  all  parts  of  the  magnet?  The  points  where 
the  magnetism  appears  to  be  concentrated  are  called  poles. 

(b)  Secure  a thin  piece  of  cardboard  or  a glass  plate  and  some 
fine  iron  filings.  Place  the  cardboard  or  glass  plate  over  a horseshoe 


Fig.  402.  Hydrometer 
readings  of  a charged 
and  a discharged  cell. 
Which  reading  is  that  of 
the  charged  cell? 
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magnet,  as  shown  in  Figure  403.  Sprinkle  some  iron  filings  on  the 
glass  plate,  gently  tapping  the  plate  as  you  do  so.  Make  a drawing 
showing  the  arrangement  of  the  filings. 

(c)  Place  a compass  between  the  poles  of  the  magnet.  Does 
the  compass  needle  point  to  the  north  pole  or  to  the  south  pole  of 
the  magnet?  The  direction  of  the  lines 
of  force  is  always  from  the  north  pole 
to  the  south  pole. 

(d)  Wrap  ten  turns  of  insulated  wire 
around  a large  iron  nail.  Connect  the 
wire  to  a cell  as  shown  in  Figure  404. 

Bring  the  end  of  the  nail  near  several 
smaller  nails  and  note  that  the  latter 
are  drawn  over  to  the  magnetized  nail.  How  many  nails  will  it 
hold  up?  Disconnect  one  wire  from  the  cell.  What  effect  does  this 
have  upon  the  magnet?  Test  the  magnet  with  a compass.  Does  it 
have  a north  and  a south  pole?  Reverse  the  direction  of  the 
current.  What  effect  does  this  have  upon  the  poles? 


Fig.  403.  Apparatus  for 
Experiment  103,  part  (b). 


From  the  experiment  you  see  that  there  are  two  forms  of 
magnets.  The  bar  and  the  horseshoe  magnets,  made  of  steel, 
retain  their  magnetism  and  are  therefore  called  permanent 
magnets.  When  a coil  of  wire  through  which  an  electric 
current  is  passing  is  wound  around  an  iron  nail,  you  have 
an  electromagnet.  This  retains  its  magnetism  only  so  long  as 
the  current  is  passing  through  it. 
It  is  a temporary  magnet.  The  ex- 
periment also  shows  that  invisible 
rays  extend  between  the  poles  of 
a magnet  and  affect  pieces  of  iron 
placed  in  their  paths.  These  are 
magnetic  rays  or  lines  of  force.  All  the 
lines  of  force  taken  together  make 
up  what  is  called  the  magnetic  field. 

You  have  already  seen  (Experiment  101)  that  an  electric 
current  will  cause  a compass  needle  to  turn.  This  movement 
is  produced  because  there  are  lines  of  force  around  a wire 
carrying  an  electric  current.  Experiment  103  also  showed 


Fig.  404.  Apparatus  for  Ex- 
periment 103,  part  {d). 
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that  an  electromagnet  could  be  made  by  sending  a current 
of  electricity  through  a coil  of  wire  wrapped  around  a nail. 
And  now  we  come  to  the  other  side  of  the  story,  namely,  the 
production  of  an  electric  current  by  means  of  a magnet. 

Experiment  104.  What  effect  is  produced  when  lines  of  force  cut 
through  a coil  of  wire?  (a)  Obtain  a coil  consisting  of  four  or  five 
hundred  turns  of  small  copper  wire.  (These  coils  may  be  obtained 

from  laboratory  supply  houses 
and  are  usually  available  in  the 
physics  laboratory.  They  may 
be  made  by  wrapping  400  turns 
of  insulated  copper  wire  No. 
36  or  No.  40  around  a card- 
board tube.)  Connect  the  coil 
to  a sensitive  galvanometer. 
(This  may  usually  be  obtained 
from  the  physics  laboratory.) 
Thrust  one  end  of  a bar  magnet 
quickly  through  the  coil.  Note  the  direction  of  movement  of  the  gal- 
vanometer needle.  Hold  the  magnet  in  the  coil.  Is  a current  of  elec- 
tricity produced  when  the  magnet  is  stationary?  Now  pull  the 
magnet  quickly  backward  through  the  coil.  Observe  the  direction 
of  movement  of  the  galvanometer  needle. 

(6)  Repeat  the  above  experiment,  moving  the  coil  and  holding  the 
magnet  stationary.  Do  you  secure  the  same  results? 

(c)  Under  what  conditions  is  a current  of  electricity  produced 
in  a coil? 

If  you  have  observed  carefully,  you  have  noted  two  things: 
(1)  a current  is  produced  only  when  either  the  coil  or  the 
magnet  is  moving,  and  (2)  the  direction  of  the  current  is 
reversed  when  the  lines  of  force  are  cut  in  the  opposite  direc- 
tion. These  two  principles  supply  the  basis  for  an  under- 
standing of  the  dynamo,  or  generator. 

There  are  four  essential  parts  to  a generator:  (1)  field  mag- 
nets, or  stator,  (2)  armature,  or  rotor,  (3)  slip  rings,  and  (4) 
brushes.  The  stator  is  made  of  soft  iron,  and  is  wound 
with  insulated  copper  wire  through  which  a current  passes, 


Fig.  405.  Apparatus  for  Experiment 
104. 
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making  it  an  electromagnet  or  a series  of  electromagnets.  The 
rotor  (Figure  407)  consists  of  a coil  of  insulated  wire  wound 
on  an  iron  core;  it  rotates  between  the  poles  of  the  electro- 
magnets. Each  end 
of  the  coil  on  the 
rotor  is  attached  to 
a slip  ring,  which 
turns  with  the  ro- 
tor. The  brushes 
slide  on  the  slip 
rings  and  conduct 
the  electric  current 
to  the  outside  cir- 
cuit. The  shaft  of 
the  rotor  is  con- 
nected to  a steam 
engine,  water  tur- 
bine, or  other 
source  of  power 
and  is  rotated  between  the  poles  of  the  electromagnet.  As 
a result  of  this  rotation,  the  energy  supplied  by  the  engine, 
turbine,  or  other  source  of  power  is  changed  into  electrical 

energy  in  the  armature  and 
line. 

And  now  let  us  examine  the 
operation  of  the  generator.  It 
will  be  easier  to  examine  a very 
simple  generator,  such  as  is 
shown  in  Figure  408.  In  order 
to  simplify  the  drawing,  the 
armature  appears  as  a single 
wire  bent  in  the  shape  of  a coil. 
Observe,  however,  that  the 
diagram  shows  all  of  the  essen- 
tial parts.  To  explain  what  happens,  you  must  recall  the 
results  of  Experiment  104.  It  is  evident,  of  course,  that  as 


Fig.  407.  Rotor  of  an  alternating- 
current  generator. 


Fig.  406.  An  alternating-current  generator.  The 
rotor  is  shown  separately  in  Figure  407.  (General 
Electric  Co.) 
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the  armature  rotates,  the  coil  will  cut  across  the  lines  of 
force  between  the  north  and  the  south  poles  of  the  electro- 
magnet. As  one  side  of  the  coil  moves  downward  across  the 
lines  of  force,  the  other  side  of  the  coil  moves  upward.  Accord- 
ing to  your  experiment  you  found  that  the  direction  of  the 
current  depends  upon  the  direction  in  which  the  lines  of 

force  are  cut.  This  being 
the  case,  the  current  on 
side  a of  the  coil  will  flow 
in  one  direction,  and  the 
current  on  side  6 will  flow 
in  the  opposite  direction. 
Since  side  b is  merely  the 
opposite  side  of  the  coil, 
it  is  evident  that  the  cur- 
rent generated  in  b will 
flow  around  the  coil  and 
join  the  current  flowing 
in  a,  and  that  this  current 
will  be  taken  from  the  slip  ring  by  the  brush  making  contact 
with  it.  When  side  a of  the  coil  reaches  the  bottom,  it  will 
cut  upward  across  the  lines  of  force.  At  the  same  time  side 
b of  the  coil  will  be  cutting  downward  across  the  lines  of 
force.  This  will  reverse  the  direction  of  the  current,  which 
will  now  pass  out  into  the  circuit  through  the  other  slip  ring 
and  brush.  Thus,  in  the  generator  described  the  current  first 
flows  in  one  direction  and  then  reverses  and  flows  in  the 
opposite  direction.  This  is  called  an  alternating  current. 
Generators  for  house-lighting  currents  usually  are  so  con- 
structed that  when  they  are  run  at  a certain  speed,  the  current 
changes  direction  sixty  times  a second.  This  is  called  a sixty- 
cycle  alternating  current. 

Some  generators  are  constructed  so  as  to  furnish  a direct 
current;  that  is,  the  current  always  moves  in  the  same  direc- 
tion. In  this  type  of  dynamo  (Figure  409)  a commutator 
is  employed  in  place  of  the  slip  rings.  The  commutator  is 


Fig.  408.  Diagrammatic  sketch  to  show 
the  operation  of  the  generator. 
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connected  to  the  armature  coils  in  such  a way  that  when 
the  direction  of  the  current  changes  in  the  coils,  the  brushes 
will  touch  only  the  segments  of  the  commutator  through 
which  the  current  is  always  traveling  in  the  same  direction. 
Thus  the  brushes 


carry  off  a direct 
current  to  the  out- 
side circuit. 

The  direct-cur- 
rent generator  is 
commonly  used  to 
charge  automobile 
storage  batteries, 
because  the  current 
must  always  enter 
the  battery  from 
the  same  direction 
in  order  to  produce 
a different  chemi- 
cal change  on  the 
two  electrodes. 


Fig.  409.  A direct-current  dynamo.  The  essen- 
tial difiference  between  a direct-current  dynamo 
and  an  alternating-current  dynamo  is  in  the 
method  of  taking  the  current  from  the  rotor. 
The  commutator  changes  the  alternating  cur- 
rent to  a direct  current. 


Suggested  Activ- 
iTiES.  1.  Visit  a 
power  plant.  Observe 
the  construction  of  a 
dynamo  and  how  the 
power  of  a steam 

engine  or  of  a turbine  is  transferred  to  the  rotor  of  the  dynamo. 

2.  Saw  a dry  cell  longitudinally  into  two  halves.  (Use  a hack 
saw.)  Compare  its  construction  with  Figure  399. 

3.  If  you  have  a flashlight  battery  which  is  about  exhausted, 
punch  a few  small  holes  in  it  and  soak  it  in  salt  water  for  an  hour. 
Does  this  revive  the  cell?  Explain. 

Self-testing  exercise  1.  (a)  Explain  as  well  as  you  can  how  a 

cell  produces  a stream  of  electrons  when  the  two  electrodes  are 
connected,  (b)  Explain  as  well  as  you  can  how  a current  of  electri- 
city is  produced  by  a generator. 
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Problem  2:  How  Is  an  Electric  Current 
Controlled? 

Study  Suggestion.  To  control  a current  of  electricity,  it  is 
evident  that  we  must  be  able  to  govern  the  number  of  electrons 
passing  from  the  source  through  the  device  which  is  being  operated. 
How  this  is  accomplished  so  that  the  speed  of  a motor  or  the  bright- 
ness of  an  electric  lamp  or  the  heat  from  an  electric  stove  can  be 
regulated  is  now  your  problem. 

How  is  electrical  energy  transferred  from  its  source  to 
the  device  which  it  operates?  Let  us  first  examine  the  con- 
ditions necessary  to 
transfer  electrical  en- 
ergy. Assuming  that 
we  have  a source  of 
energy,  what  other  con- 
ditions are  necessary  in 
order  that  the  current 
may  flow  to  the  bell, 
the  light  bulb,  or  other 
electrical  device? 

Experiment  105.  What  conditions  are  necessary  to  operate  a 
device  by  electrical  energy?  (a)  Obtain  a dry  cell  and  an  electric 
bell.  Connect  a copper  wire  from  one  electrode  of  the  cell  to  one  of 
the  terminals,  or  binding  posts,  on  the  bell.  Does  the  bell  ring? 
Now  connect  another  wire  from  the  other  electrode  of  the  cell  to 
the  other  binding  post.  Does  the  bell  ring? 

(&)  Repeat  (a),  using  pieces  of  string  instead  of  copper  wire. 
Does  the  bell  ring? 

Two  conclusions  may  be  made  from  this  experiment:  First, 
there  must  be  a complete  circuit;  that  is,  there  must  be  a 
wire  from  the  cell  or  other  source  of  current  to  the  device, 
and  another  wire  must  be  connected  from  the  device  back 
to  the  other  electrode  of  the  cell.  Second,  all  materials  do 
not  conduct  electrical  energy.  In  terms  of  the  electron  theory 
we  can  explain  these  two  conclusions.  A complete  circuit  is 


Fig.  410.  A complete  circuit.  The  bell  will 
ring  as  long  as  the  circuit  is  complete  and 
the  current  lasts. 
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DrijCell 


Push  Button 


Fig.  411.  The  push- 
button breaks  the  cir- 
cuit unless  it  is  pushed 
down.  Study  Figure 
412  for  the  construc- 
tion of  the  push-but- 
ton. 


necessary  in  order  to  supply  a pathway  for  the  electrons  from 
one  electrode  of  the  cell  back  to  the  electrolyte.  If  the  circuit 
is  incomplete,  there  will  be  no  pathway  for  the  flow  of  the 
electrons;  hence,  no  electric  current  will  be  able  to  pass. 

Experiment  has  shown  that  some  sub- 
stances allow  electrons  to  move  freely 
over  their  surface,  while  others  allow 
electrons  to  move  with  great  difficulty. 

A material  is  a good  conductor  if  elec- 
trons can  move  freely  over  the  surface; 
it  is  a non-conductor,  or  insulator,  if 
electrons  can  move  only  with  great  dif- 
ficulty. From  your’ own  observation  can 
you  name  any  materials  that  will  not 
conduct  electricity?  Where  have  you  seen  such  materials 
used?  You  can  easily  see  that  a good  conductor  of  electricity 
must  be  chosen  for  connecting  cells  with  electrical  devices. 

The  fact  that  a complete  circuit  is  always  necessary  enables 
us  to  see  how  we  can  “turn  on’’  or  “shut  off”  the  current. 
It  is  only  necessary  to  insert  some  device  in  the  current  which 
will  enable  us  to  make  or  break  the  circuit.  In  operating 
an  electric  bell,  a push-button  is  placed  in  the  circuit  (Fig- 
ure 411).  Figure  412  shows  the  construction  of  a push- 
button. A flat  strip  of  brass  is  fastened 
at  the  bottom,  and  one  wire  from  the  cell 
is  attached  to  it.  At  the  top  is  a piece 
of  brass  spring  which  is  connected  to 
the  wire  leading  to  the  bell.  When  the 
push-button  is  not  pressed  down,  the 
current  cannot  pass,  because  the  circuit 
is  broken.  When  the  push-button  is 
pressed  down,  the  two  pieces  of  brass  are 
brought  together,  the  gap  is  closed,  and  the  circuit  is  made; 
therefore  the  current  can  pass. 

A device,  like  the  push-button,  which  can  make  or  break 
an  electric  circuit  is  known  as  a circuit-breaker . Switches 


Fig.  412.  Sectional 
view  of  a push-button 
Do  you  see  where  the 
contact  is  made  to 
complete  the  circuit? 
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Fig.  413.  A single  throw-switch. 
This  type  of  switch  is  commonly 
used  where  a strong  current  passes 
through  the  circuit. 


(Figures  413  and  414),  which  are  used  to  turn  electric  lights 
or  motors  on  or  off,  also  operate  to  make  and  break  the  cir- 
cuit. When  you  are  connecting 
any  electrical  device  to  a cell 
or  to  some  other  source  of 
electricity,  always  check  over 
your  connections  to  be  sure 
you  have  a complete  cir- 
cuit. 

You  have  probably  heard 
about  short-circuits.  Let  us  see 
what  this  term  means.  Elec- 
tricity always  travels  by  the 
easiest  possible  path,  and,  if 
two  bare  wires  should  happen  to  touch,  as  shown  in  Figure 
415,  only  a small  part  of  the  current  would  pass  through 
the  bell.  Most  of  the 
current  would  take  the 
short  cut  back  to  the 
cell.  This  is  a short- 
circuit.  One  method  of 
guarding  against  short- 
circuits  is  to  use  insu- 
lated wire.  Materials  like 
cotton,  wool,  silk,  and  rubber  are  non-conductors  of  electric- 
ity; that  is,  electricity  will  not  travel  through  them.  If  the 
wires  are  wrapped  with  any  of  the  above 
materials,  the  wires  are  insulated,  and 
the  insulators  may  touch  each  other 
without  any  danger  of  a short-circuit 
unless  too  great  a current  is  sent  through 
them.  Short-circuiting  will  wear  out  a 
cell  rapidly,  and  may  cause  a fire  by 
overheating  the  wires.  Therefore,  when 
you  are  making  connections  for  electrical  devices,  you  should 
always  use  insulated  wires  or  keep  the  wires  far  apart. 


Fig.  414.  A key  socket,  the  common  type 
of  light  socket  and  switch. 


Orq’Cell 

Fig.  415.  How  wires 
may  become  short- 
circuited  when  insula- 
tion is  absent. 
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How  is  the  strength  of  the  electric  current  regulated? 

Let  us  first  consider  what  it  is  that  determines  the  strength 
of  the  current  flowing  through  the  conductor.  You  remem- 
ber (page  202)  that  in  a gravity  system  the  water  flows 
through  pipes  because  of  the  pressure  of  the  water  in  the 
reservoir.  This  pressure  is  measured  in  pounds  per  square 
inch.  The  quantity 
of  water  flowing 
through  the  pipes 
is  measured  in  gal- 
! Ions  per  minute. 

j The  number  of  gal-  Pj^  4^5  Diagram  to  illustrate  electric  pres- 
! Ions  which  will  flow  sure.  Will  water  flow  faster  through  pipe  A or 
f through  a nioe  de-  Explain.  Through  pipe  C or  pipe  B? 

u wug  p Explain.  Which  tank  will  furnish  the  greatest 

pends  upon  three  pressure?  Which  pipe  has  the  least  resistance? 
things:  (1)  the 

j pressure  of  water  in  the  reservoir,  determined  by  the  depth ; 

(2)  the  diameter  of  the  pipe;  and  (3)  the  resistance,  or  fric- 
j tion,  which  the  surface  of  the  pipe  offers  to  the  flow  of  water. 

In  an  electric  cell  a greater  electrical  pressure  is  produced 
on  the  electrode  which  acts  chemically  with  the  electrolyte 
than  upon  the  inactive  electrode.  Thus,  in  the  simple  cell 
an  electrical  pressure  is  built  up  on  the  zinc  electrode  by 
I the  electrons  which  are  taken  from  the  electrolyte.  This 
' electrical  pressure  is  commonly  called  electromotive  force,  and 
is  indicated  by  the  letters  E.M.F.  The  unit  used  to  measure 
electromotive  force  is  the  volt.  The  electrical  pressure  of  a 
simple  cell  such  as  you  made  is  approximately  one  volt. 

When  the  electrodes  of  a cell  are  connected  by  a wire,  the 
f wire  offers  a resistance  to  the  passage  of  electricity  through 
it.  The  unit  used  to  measure  this  electrical  resistance  is  the 
I ohm,  named  for  Georg  Simon  Ohm,  a German  scientist,  who 
! discovered  the  relationship  of  voltage,  resistance,  and  cur- 
rent. The  amount  of  current  flowing  through  the  wire  each 
second  is  measured  by  the  ampere,  named  for  Andre  Marie 
Ampere,  a French  scientist.  A comparison  of  the  units  of 
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measure  used  in  a water-supply  system  and  those  used  in 
measuring  electric  current  is  given  below. 

Water  Electricity 


FLOW  Gallons  per  second 

PRESSURE  Pounds  per  square  inch 

RESISTANCE  Pounds  per  square  inch 


Amperes 

Volts 

Ohms 


If  the  water  pressure  in  the  pipes  is  increased  by  raising 
the  height  of  water  in  the  reservoir,  the  amount  of  water 
flowing  through  the  pipes  will  also  be  increased,  because 
there  will  be  a greater  force  to  overcome  the  resistance  which 
the  pipes  offer.  In  the  same  manner,  if  the  electrical  pressure 
is  increased,  the  amount  of  current  will  increase.  If  a longer 
pipe  or  a smaller  pipe  is  used,  the  resistance  will  be  greater, 
and  the  amount  of  water  flowing  through  it  will  decrease.  If 
a longer  wire  or  a smaller  wire  is  used,  the  resistance  to  the 
current  passing  through  the  wire  will  increase,  and  conse- 
quently the  amount  of  current  flowing  through  the  wire  will 
decrease.  This  relationship  of  the  electrical  pressure,  the 
current  strength,  and  the  resistance  is  expressed  as  follows: 


, electromotive  force 

current  strength  = ; , 

resistance 


or  in  terms  of  the  units  of  measurement, 

volts 

amperes  = . 

ohms 


This  is  called  Ohm's  Law,  in  honor  of  the  man  who  discovered 
it.  You  can  easily  see  how  this  law  may  be  applied.  For 
example,  suppose  that  the  electromotive  force  of  a cell  is  one 
volt  and  that  it  is  connected  to  a bell  which  has  a resistance 
of  four  ohms.  How  much  current  will  flow  through  the  wire? 
Since  the  number  of  amperes  equals  the  volts  divided  by  the 
ohms,  you  divide  one  by  four,  and  you  find  that  one-fourth  of 
an  ampere  flows  through  the  wire.  What  would  be  the  current 
strength  if  the  electromotive  force,  or  voltage,  were  doubled? 
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If  you  wish  to  operate  any  electrical  device  by  means  of 
cells,  the  proper  E.M.F.  (electromotive  force)  and  the  proper 
current  flow  must  be  obtained.  This  may  be  done  by  using 
the  correct  number  of  cells  and  the  proper  kind  and  length 
of  wire  for  the  circuit,  by  making  good  connections,  and  by 
using  the  correct  “hook-up.” 

Experiment  106.  What  kind  of  wire  will  secure  the  largest  pos- 
sible current?  (a)  Obtain  two  pieces  of  copper  wire  of  equal  length, 
one  about  No.  30  to  No.  36  and  one  about  No.  18  or  No.  20.  Con- 
nect each  one  separately  to  a simple  cell  or  a dry  cell  and  measure 
the  current  strength  with  a compass.  This  can  be  done  by  placing 
a compass  on  the  table  and  turning  it  so  that  the  needle  points 
north  and  south,  as  shown  by  the  markings  on  the  dial.  Now  con- 
nect the  electrodes  with  the  larger  of  the  two  copper  wires.  Bring 
the  wire  over  the  compass,  as  shown  in  Figure  397.  The  compass 
needle  changes  position,  and  the  strength  of  the  current  is  indi- 
cated by  the  number  of  degrees  the  needle  shifts.  Now  use  the 
wire  of  small  diameter  and  repeat  the  test.  Compare  the  results 
obtained.  (If  an  ammeter  can  be  obtained  from  the  physics  labora- 
tory, much  more  accurate  results  may  be  secured.) 

(&)  Obtain  a piece  of  copper  wire  and  a piece  of  iron  or  german- 
silver  wire  of  exactly  the  same  diameter  and  length.  Connect  as 
in  (a)  and  measure  the  current.  Compare  results. 

(c)  Obtain  two  pieces  of  iron  wire  of  the  same  diameter,  but  one 
twice  as  long  as  the  other.  Connect  as  in  (a),  measure  the  cur- 
rent, and  compare  the  results. 

What  kind,  size,  and  length  of  wire  would  you  use  to  cut  down 
the  resistance? 

The  method  of  attaching  the  wire  to  the  binding  posts  of 
the  cell  and  other  instruments  is  also  of  great  importance  in 
cutting  down  the  resistance.  The  ends  of  the  wire  should 
always  be  well  scraped  and  should  be  attached  firmly  to  the 
binding  post.  The  best  connections  are  made  by  soldering. 
If  bare  wires  are  used,  care  must  be  taken  that  they  do  not 
touch  and  produce  a short-circuit. 

Proper  combinations  of  cells  should  be  used.  For  some  uses, 
such  as  in  radio,  it  is  necessary  to  hook  up  two  or  more  cells. 
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that  is,  a battery  of  cells.  There  are  two  common  methods  of 
connecting  cells,  in  series  and  in  parallel.  Cells  or  other 
devices  are  connected  in  series  when  the  electrons  flow  through 
one  device  after  the  other.  In  Figure  417  note  that  the  nega- 
tive electrode  (the  zinc)  of  one  cell  is  connected  to  the  positive 
electrode  (the  carbon)  of  the  second 
cell  (see  Figure  399),  and  the  nega- 
tive electrode  of  the  second  cell  is 
connected  to  the  positive  electrode 
of  the  third  cell.  From  the  other 
two  electrodes,  marked  A and  B, 
wires  lead  to  the  device  to  be 
operated . When  cells  are  connected 
in  series,  the  E.M.F.  is  increased. 
For  example,  the  E.M.F.  of  one 
dry  cell  is  1.5  volts.  Two  dry  cells 
connected  in  series  have  an  E.M.F. 
of  3 volts,  and  three  dry  cells  con- 
nected in  series  have  an  E.M.F.  of 
4.5  volts.  In  operating  electric 
bells,  telegraphs,  and  motors  where 
high  voltage  is  required,  a series 
connection  of  the  cells  usually  gives 
the  best  results. 

Cells  or  other  devices  are  con- 
nected in  parallel  when  the  electrons  are  separated  into  two 
or  more  streams,  part  going  through  each  device  so  connected. 
In  Figure  418  you  will  observe  that  the  positive  electrodes 
of  all  cells  are  connected  together,  and  also  that  the  negative 
electrodes  are  joined.  In  this  arrangement  the  total  E.M.F. 
is  the  same  as  the  voltage  of  one  cell.  This  arrangement  of 
cells  is  used  when  a high  voltage  is  not  required  and  when  a 
continuous  current  is  needed  over  a long  period  of  time.  One 
common  use  is  in  connecting  cells  for  lighting  vacuum  tubes 
in  radio  sets.  Thus,  when  you  have  a 1.5  volt  radio  tube, 
it  is  more  economical  to  light  it  with  two  cells  connected  in 


Fig.  417.  Three  cells  con- 
nected in  series.  In  the  dia- 
gram at  the  top  the  switch, 
motor,  and  cells  are  repre- 
sented by  the  customary 
signs  used  by  electricians. 


GENERATING  AND  USING  ELECTRICITY  533 


parallel  than  to  use  two  single  cells,  one  after  another  in 
series.  The  cells,  of  course,  will  last  longer. 

Experiment  107.  What  is  the  better  method  of  connecting  cells 
to  a toy  motor?  Obtain  two  dry  cells  and  a small  electric  motor. 
Connect  the  cells  in  series  with  the  motor  and  observe  how  fast  it 
goes.  Repeat,  connecting 


the  cells  in  parallel.  Which 
one  of  the  two  connections 
makes  the  motor  run  the 
faster? 

We  have  seen  that  the 
current  strength  may  be 
regulated  in  two  ways: 

(1)  by  changing  the  volt- 
age of  the  source,  or  (2) 
by  changing  the  resist- 
ance of  the  circuit.  For 
example,  a motor  will 
run  faster  if  it  is  con- 
nected in  series  with  two 
cells  than  if  connected 
to  but  one  cell.  A motor 
will  run  faster  if  con- 
nected to  the  cell  with  large  copper  wire  than  if  connected 
with  small  iron  wire.  For  ordinary  purposes  it  is  not  desir- 
able to  change  the  number  of  cells  in  order  to  increase,  or 
decrease  the  current  strength,  because  to  do  so  involves 
changing  the  connections  in  the  circuit.  It  is  much  simpler 
to  change  the  resistance  in  the  circuit  and  thus  vary  the  cur- 
rent strength.  A device  for  regulating  current  strength  is 
called  a rheostat.  Its  operation  can  be  understood  through 
the  following  experiment. 


Fig.  418.  Three  cells  connected  in  parallel. 
What  is  the  difference  between  this 
method  of  connection  and  that  shown  in 
Figure  417? 


Experiment  108.  How  can  a rheostat  for  a small  motor  be  con- 
structed? (a)  Obtain  some  No.  24  or  No.  30  iron  or  german-silver 
wire,  or  any  other  wire  with  a high  resistance.  Wind  about  30 
turns  around  a pencil.  Now  connect  one  end  of  the  coil  to  a dry 
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cell.  Connect  the  other  electrode  of  the  cell  to  the  motor.  Attach 
a copper  wire  to  the  other  binding  post  of  the  motor  and  touch  the 
free  end  of  the  wire  to  the  free  end  of  the  coil.  Does  the  motor 
run?  If  it  does,  it  will  be  necessary  to  add  more  turns  to  the  coil 
until  finally  the  motor  will  not  run.  Now  obtain  a wooden  block 

to  serve  as  a base,  a strip  of 
copper  or  brass  for  the  rheostat 
arm,  and  assemble  as  shown  in 
Figure  419. 

Fasten  one  free  end  of  the 
whole  coil  to  a tack  at  the  left 
of  the  board.  Then  divide  the 
coil  so  that  equal  portions  of  the 
coil  will  be  between  the  other 
tacks  on  the  board.  If  the  arm 
of  the  rheostat  is  placed  on  the 
tack  at  the  left,  none  of  the  coil 
will  be  in  the  circuit.  If  the  arm 
is  placed  on  the  second  tack  on 
the  left,  the  part  of  the  coil  be- 
tween the  two  tacks  will  be  in 
the  circuit.  Thus,  the  farther  to  the  right  the  arm  is  moved,  the 
greater  the  length  of  wire  which  will  be  in  the  circuit,  and  the 
greater  the  resistance. 

In  starting  a motor,  all  of  the  resistance  should  be  in,  so 
that  the  motor  will  not  get  the  full  strength  of  the  current 
until  it  has  had  time  to  get  started  and  to  pick  up  speed. 
A full  current  applied  all  at  once  may  cause  the  insulation 
to  burn  off  and  short-circuit  the  coils.  Then  the  switch  arm 
is  moved  slowly  forward,  cutting  out  more  and  more  resistance, 
thus  giving  the  motor  more  current  as  it  gains  in  speed. 

Many  of  our  common  devices  are  equipped  with  rheostats. 
Electric  fans  which  operate  on  three  speeds  and  electric 
irons  or  heating  pads  which  have  three  “heats”  contain 
small  rheostats  in  their  circuits.  You  have  probably  noticed 
that  in  theaters  the  lights  are  dimmed  before  the  curtain 
rises.  This  dimming  is  brought  about  by  a rheostat  which 
operates  in  the  same  manner  as  the  rheostat  in  the  motor. 


Fig.  419.  A simple  rheostat.  If 
sixty  turns  of  wire  are  necessary  to 
make  the  coil,  there  will  be  about 
fifteen  turns  between  tacks. 
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The  motor  of  a street  car  or  an  electric  train  is  also  in  part 
regulated  in  speed  by  the  use  of  a rheostat,  which  is  in  the 
control  box  under  the  lever  arm. 

Suggested  Activities.  1.  Discover  how  the  bells  in  the  school- 
room are  rung  automatically  by  a master  clock. 

2.  Tear  apart  an  old  “B”  radio  battery  and  discover  how  the 
cells  are  connected. 

3.  Obtain  a rheostat  from  the  physics  laboratory.  Connect  it 
in  series  with  a cell  and  a motor.  Note  how  it  operates. 

Self-testing  exercise  2.  (a)  Make  a drawing  to  show  how  one 

push-button  may  be  connected  to  ring  two  electric  bells. 

(b)  Make  a drawing  to  show  how  two  push-buttons  may  be  con- 
nected so  that  either  one  will  ring  the  same  bell. 

(c)  Make  up  a problem  which  will  illustrate  the  application  of 
Ohm’s  Law. 

(d)  Explain  how  varying  the  resistance  in  a circuit  varies  the 
strength  of  the  electric  current.  Prove  your  answer  by  explaining 
it  on  the  basis  of  Ohm’s  Law. 

Problem  3:  How  Is  Electricity  Used  to 
Produce  Heat  and  Light? 

Study  Suggestion.  In  this  problem  you  are  again  dealing  with 
a transformation  of  energy.  In  our  power  lines,  house- wiring  sys- 
tems, and  in  the  connections  we  use  with  cells,  it  is  desirable  to 
keep  down  the  change  of  electrical  energy  to  heat  energy  as  much 
as  possible,  since  the  change  to  heat  energy  represents  a loss  in  the 
power  transmitted.  In  heating  devices,  however,  it  is  desirable  to 
use  a conductor  which  will  transform  electrical  energy  to  heat 
energy.  How  this  is  accomplished  is  now  your  problem. 

How  can  electricity  be  transformed  into  heat?  You  are 

already  familiar  with  the  common  electrical  devices  which 
convert  electrical  energy  to  heat  energy.  The  use  of  the  elec- 
tric toaster,  electric  heater,  electric  heating  pad,  and  electric 
percolator  is  widespread.  Essentially,  they  are  all  alike;  they 
differ  only  in  the  form  of  construction.  All  of  them  contain  a 
coil  or  spiral  of  wire  which  is  heated  by  the  electric  current. 
The  important  feature  of  their  construction  is  the  wire  used. 
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Experiment  109.  Are  all  conductors  heated  equally  by  an  electric 
current?  (a)  Attach  an  insulated  copper  wire  one  foot  long  (No. 
22  to  No.  16)  to  the  electrodes  of  a dry  cell.  Feel  the  wire.  Does 
it  change  its  temperature?  (If  a storage  battery  is  available,  repeat 
the  experiment,  using  the  battery  instead  of  the  dry  cell.) 

(b)  Repeat  the  experiment,  using  the  dry  cell  and  a piece  of 
number  30  insulated  copper  wire  one  foot  long.  Is  the  wire  heated 
by  the  current? 

(c)  If  different  sizes  of  iron  wire  are  available,  repeat  the  experi- 
ment, using  iron  wires  of  the  same  sizes  as  the  copper  wires.  Note 
that  the  iron  wires  are  heated  much  more  than  the  copper  wires. 

If  you  try  many  different  conductors  in  this  way,  you  find 
that  some  materials  are  heated  much  more  than  others  and 
that  a wire  of  smaller  diameter  always  becomes  hotter  than  a 
large  wire  of  the  same  material.  Also,  if  you  use  the  storage 
battery  or  several  cells  connected  in  series  to  produce  a 
strong  current,  you  find  that  the  temperature  of  a conduc- 
tor depends  upon  the  amount  of  current  which  flows  through 
the  wire. 

No  material  is  a perfect  conductor  of  electricity;  all  offer 
some  resistance  to  the  current.  This  electrical  resistance,  much 
like  friction,  transforms  some  of  the  electric  energy  into 
heat.  When  the  resistance  is  great,  a considerable  part  of 
the  electric  energy  is  changed  to  heat,  and  the  conductor 
becomes  hot.  Table  17  shows  how  some  common  materials 
vary  in  their  resistance  to  the  electric  current.  In  this  table 
it  is  understood  that  the  materials  are  of  the  same  diameter 
and  length  and  that  the  same  current  voltage  is  used. 


TABLE  17.  Resistance  of  Common  Materials 
Compared  to  Silver 


Silver 

1.00 

German  Silver* 

14.20 

Copper 

1.11 

Mercury 

63.00 

Aluminum 

1.94 

Tungsten 

2.35 

Iron  (soft) 

6.00 

Manganinf 

1.91 

Platinum 

7.20 

Constantanf 

2.30 

*Resistance  depends  upon  composition  of  the  alloy. 
tAlloys  used  in  making  wires  for  electric  instruments. 
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Several  factors  must  be  considered  in  making  an  electric 
heating  device.  In  the  first  place,  the  wire  selected  must 
not  oxidize  rapidly  when  it  is  heated.  Iron  wire,  for  example, 
would  soon  oxidize  and  break.  To  overcome  this,  alloys 
are  used  which  do  not  oxidize  readily.  In  the  second  place, 
the  right  amount  of  heat  necessary  for  the  duty  which  the 
device  is  to  perform  must  be  se- 
cured. This  means  that  a wire  of 
a certain  length  and  resistance 
must  be  chosen.  Formulas  have 
been  worked  out  by  which  the  ex- 
act number  of  calories  given  off  can 
be  calculated.  In  the  third  place, 
some  consideration  must  be  given 
to  the  amount  of  current  required 
to  operate  the  device.  The  ideal 
heater  must  give  off  the  maximum 
amount  of  heat  possible  with  the 
lowest  amount  of  current  consump- 
tion. As  you  can  see,  the  con- 
struction of  a good  heating  unit  is 
a task  for  experts. 

How  can  electricity  be  made  to 
produce  light?  When  wire  or  other 
conductors  become  hot  enough, 
they  send  out  light  and  are  said  to  be  incandescent.  If  the 
conductor  is  heated  to  a very  high  temperature,  the  light 
produced  is  nearly  white.  At  such  high  temperatures,  how- 
ever, most  materials  burn.  For  the  purpose  of  producing 
light,  it  is  therefore  necessary  to  place  the  conductor  in  a 
bulb  which  contains  no  oxygen. 

The  principles  of  electric  lighting  were  solved  in  1860  by  Sir 
Joseph  Swan,  but  it  was  not  till  1880  that  Swan  was  able  to 
prove  his  invention  to  the  world.  In  the  meantime  Edison,  by 
himself,  had  hit  upon  Swan’s  solution.  He  used  a filament,  or 
thread,  made  of  a material  which  would  not  easily  melt  or 
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vaporize  when  heated  by  an  electric  current.  He  also  found  it 
necessary  to  keep  air  away  from  the  filament  so  that  it  would 
not  burn.  With  this  idea  in  mind  he  sought  to  make  a very 
small  thread  of  carbon  and  to  place  it  in  a container  from  which 
the  air  could  be  exhausted.  By  making  carbon  filaments  from 
various  materials  like  cotton  and  bamboo,  placing  them  inside 
bulbs  and  removing  the  air,  and  connect- 
ing the  filaments  with  a source  of  elec- 
tricity, he  succeeded  in  perfecting  an 
electric-light  bulb  which  gave  satisfactory 
illumination  (Figure  421).  Swan  and 
Edison  exhibited  their  inventions  the  same 
year.  Many  improvements  on  this  crude 
light  have  been  made  by  Edison  and  other 
scientists.  In  the  next  unit  you  will  study 
how  the  electric  light  bulb  has  been  made 
a more  efficient  source  of  light. 

Another  form  of  electric  light,  formerly 
much  used  for  street  lighting  and  now 
often  seen  in  stereopticons  and  motion- 
picture  machines,  is  the  electric  arc  lamp. 
This  lamp  consists  of  a mechanism  for 
holding  two  carbon  rods,  or  electrodes, 
connected  with  the  ordinary  lighting  cur- 
rent (Figure  422).  If  the  rods  are  brought 
into  contact,  end  to  end,  the  ends  become  very  hot.  If  they 
are  separated  by  from  one-fourth  to  one-half  inch,  the  cur- 
rent continues  to  flow  across  the  gap  between  the  rods,  con- 
ducted by  a stream  of  carbon  vapor  which  is  heated  to  incan- 
descence by  the  current.  This  incandescent  vapor  is  called 
the  electric  arc.  The  position  of  the  rods  can  be  adjusted  by 
hand,  or  it  may  be  controlled  automatically.  This  adjust- 
ment is  necessary  because  the  ends  of  the  rods  are  burned 
away  by  the  intense  heat  that  is  generated,  and  the  gap  is 
thus  increased  to  such  an  extent  that  the  current  will  not 
flow  from  rod  to  rod. 


Fig.  421.  Edison’s 
first  electric  lamp. 
The  filament  was 
very  large,  as  you  can 
see.  (Edison  Lamp 
Works.) 
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Self-testing  exercise  3.  Explain  how  electric  heating  devices  are 
constructed  so  that  they  give  little  light  and  much  heat,  and  electric 
lamps  are  constructed  so  that  they  give  much  light  and  little  heat. 
(Take  into  consideration  the  lengths  and  kinds  of  wire  that  are 
employed  in  the  two  devices.) 

Problem  4:  How  Is  Electricity  Used  for  Power? 

Study  Suggestion.  The  electric  motor  is  possible  because  the 
electric  current  has  certain  magnetic  effects.  The  motor  is  so  con- 
structed that  it  uses  the  mag- 
netic effects  of  the  electric 
current  to  produce  a contin- 
uous motion  of  an  armature. 

Your  problem  now  is  to  under- 
stand how  the  motor  uses  the 
electric  current  to  produce 
continuous  motion. 

How  is  an  electric  motor 
constructed?  An  electric 
motor  is  very  similar  in 
construction  to  an  electric 
generator  about  which  you 
studied  on  pages  522-525. 

Both  machines  have  a ro- 
tor, or  armature,  revolving 
and  cutting  the  lines  of 
force  in  a magnetic  field.  In  fact,  they  can  be  so  constructed 
that  they  will  serve  either  as  motors  or  as  dynamos.  The 
action  of  the  motor,  however,  is  just  opposite  to  the  action 
of  the  generator.  The  generator  changes  mechanical  energy 
into  electricity;  the  motor  changes  electrical  energy  into  me- 
chanical energy.  A simple  motor,  which  will  show  how  an 
electric  motor  operates,  is  very  easily  constructed. 

Experiment  110.  How  may  a simple  motor  be  constructed?  (a) 

For  the  armature,  obtain  a straight-sided  cork  about  two  inches 
long  and  three-quarters  inch  in  diameter.  Cut  or  notch  it  on  two 
sides  and  wind  it  with  about  20  turns  of  No.  22  or  No.  24  insulated 


Fig.  422.  Use  of  the  electric  arc  for 
light  in  a motion-picture  projector. 
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wire  (Figure  424).  Then  cut  two  small  pieces  of  No.  18  bare  copper 
wire  about  an  inch  long.  Push  them  into  the  cork  at  right  angles 
to  the  winding.  Fasten  the  free  ends  of  the  wire  on  the  cork,  one  to 
each  of  the  wires  in  the  cork.  Place  a horseshoe  magnet  over  the 

armature.  Connect  a 
copper  wire  to  each  elec- 
trode of  a dry  cell.  Bare 
the  ends  of  the  wire  and 
hold  them  in  such  a 
manner  that  they  will 
touch  the  wires  to  which 
the  coil  is  attached  when 
the  faces  of  the  coil  on 
the  armature  are  up  and 
down  (Figure  423).  (If 
the  armature  of  your 
motor  does  not  turn, 
connect  two  more  dry 
cells  in  series,  or  increase  the  number  of  horseshoe  magnets.) 

(b)  Reverse  the  direction  of  the  current  through  the  motor  by 
reversing  the  wires.  What  effect  does  this  have  upon  the  direc- 
tions in  which  the  armature  rotates? 

How  does  the  electric  current  produce  motion  in  the 
motor?  You  have  already  seen  that  the  electric  current  has 
certain  magnetic  effects.  A wire 
carrying  a current  causes  the  de- 
flection of  a compass  needle  (Ex- 
periment 101,  page  514),  and  soft 
iron  wound  with  wire  becomes  an 
electromagnet  when  a current  is 
passed  through  the  wire  (Experi- 
ment 103,  page  520).  You  will 
now  examine  further  the  nature  of 
the  magnetic  field  that  is  pro- 
duced around  a wire  when  an 
electrical  current  is  passed  through  the  wire.  To  understand 
how  the  motor  operates,  you  must  have  a clear  idea  of  the 
magnetic  field. 


Fig.  423.  Construction  of  a homemade  motor. 


GENERATING  AND  USING  ELECTRICITY  541 


Experiment  111.  What  is  the  nature  of  the  magnetic  field  around 
a wire  carrying  an  electric  current?  (a)  Make  a rectangular  coil  of 
twenty  turns  of  wire  about  two  feet  long  and  six  inches  wide.  Use 
No.  18  copper  wire.  Obtain  a piece  of  cardboard  about  six  inches 
square,  and  pass  the  coil  through  a slit 
in  the  cardboard,  as  shown  in  Figure 
425.  Connect  three  or  four  dry  cells  in 
series  with  the  coil.  Sprinkle  iron  filings 
around  the  coil  on  the  cardboard.  Now 
tap  the  cardboard  gently  and  note  the 
way  in  which  the  iron  filings  arrange 
themselves. 

(b)  Place  three  compasses  at  different 
points  on  the  cardboard.  Note  the  way 
the  needles  point.  Now  reverse  the  di- 
rection of  the  current.  What  effect  does 
this  have  upon  the  direction  in  which 
the  needles  point? 

From  this  experiment  you  see  that  Fig.  425.  Figure  B shows 
the  lines  of  force  pass  around  the  the  direction  of  the  lines 
, 1,1  1 of  force  that  are  produced 

conductor.  If  one  could  observe  the  around  the  coil  of  wire. 

cut  end  of  a wire,  that  is,  a cross- 

section,  the  lines  of  force  would  appear  as  they  are  shown  in 
Figure  425B.  When  the  current  is  reversed,  the  lines  of  force, 
as  indicated  by  the  compasses  in  part  (6)  of  the  experiment, 
pass  around  the  coil  in  the  opposite  direction. 

Another  experiment,  which  will  help  you  understand  the 
operation  of  the  motor,  shows  what  happens  when  a con- 
ductor carrying  a current  of  electricity  is  placed  in  a mag- 
netic field. 

Experiment  112.  What  happens  when  a wire  carrying  an  electric 
current  is  placed  between  the  poles  of  a horseshoe  magnet?  Set  up 

an  apparatus  as  shown  in  Figure  426.  To  construct  this  apparatus, 
a copper  wire  (size  No.  16  or  No.  18)  about  sixteen  inches  long  is 
suspended  from  an  iron  ring  so  that  it  is  free  to  move.  The  upper 
end  of  the  wire  may  be  bent  so  that  it  will  form  a crosspiece  which 
will  support  it  on  a ring.  The  lower  end  of  the  wire  dips  into  a 
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saucer  containing  mercury.  Before  connecting  the  apparatus,  be 


sure  that  the  v/ire  can  move  easily. 


112. 

side  of  the  wire  the  direction  of  the 
and  of  the  wire  is  the  same.  The 


Now  connect  the  cells.  What 
effect  does  this  have  on  the 
wire?  Reverse  the  direction 
of  the  current.  What  effect 
does  this  have  upon  the  direc- 
tion in  which  the  wire  moves? 

You  are  now  ready  to 
understand  more  clearly 
how  motion  is  produced  in 
the  motor.  If  you  can  see 
why  the  wire  is  moved  in 
the  experiment,  you  have 
the  basis  for  understand- 
ing the  motor.  Figure  427 
shows  the  action  of  the  two 
magnetic  fields,  that  is,  the 
one  across  the  poles  of  the 
magnet  and  the  one  around 
the  wire.  You  will  observe 
in  this  figure  that  when  the 
wire  is  placed  between  the 
poles  of  the  magnet,  on  one 
lines  of  force  of  the  magnet 
magnetic  field  on  this  side 


Fig.  427.  The  middle  figure  shows  the  lines  of  force  around  the  wire. 


of  the  wire  is  thus  strengthened.  On  the  other  side  of  the  wire 
the  magnetic  field  is  weaker,  because  the  lines  of  force  around 
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the  wire  and  those  across  the  magnet  oppose  each  other;  so 
the  wire  is  forced  outward. 

The  electric  motor,  of  course,  is  more  complex  than  the 
device  used  in  the  experiment,  but  the  principle  upon  which 
it  works  is  identical.  The  motor  is  so  constructed  that  the 
lines  of  force  are 
reinforced  on  the 
top  of  one  side  of 
the  coil,  and  at  the 
same  time  the  lines 
of  force  are  rein- 
forced beneath  the 
other  side  of  the' 
coil.  This,  of 
course,  happens  be- 
cause the  current  is 
flowing  in  one  di- 
rection on  one  side 
of  the  coil  and  in 
the  opposite  direc- 
tion on  the  other 
side.  Furthermore, 
as  you  will  observe  in  the  simple  motor  which  you  con- 
structed, as  the  coil  moves  around,  the  current  enters  the 
coil  from  a different  brush;  hence,  the  direction  of  the 
current  in  the  armature  is  reversed.  In  this  manner  the 
magnetic  field  is  so  affected  that  it  forces  the  coil  or  rotor 
around  in  one  direction. 

Suggested  Activity.  Examine  a motor  in  a fan  or  a vacuum- 
cleaner.  Locate  the  various  parts.  How  can  you  tell  whether  the 
motor  is  designed  for  alternating  current  or  for  direct  current. 

Self-testing  exercise  4.  Explain  in  your  own  words  why  a wire 
carrying  an  electric  current  moves  when  it  is  placed  between  the 
poles  of  a magnet.  Explain  also  why  increasing  the  strength  of  the 
current  flowing  through  the  wire  causes  the  wire  to  move  more 
quickly  and  with  greater  force. 


Fig.  428.  A direct-current  motor.  This  is  a ten- 
horsepower  motor.  Its  actual  size  is  about 
twenty  inches  high  and  twenty-five  inches  long. 
(Westinghouse  Co.) 
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Problem  5:  How  Is  Electricity  Used  for 
Electroplating  ? 

Study  Suggestion.  Before  studying  this  problem  review  the 
material  on  pages  516  to  517,  which  presents  the  electron  theory. 
In  this  problem  you  will  encounter  another  kind  of  charged  particle, 
the  ion.  Do  not  confuse  ions  with  electrons. 

One  of  the  many  uses  of 
electricity  is  that  of  plating 
objects  with  gold,  silver, 
copper,  nickel,  or  other  met- 
als. If  you  examine  some  of 
the  silverware  at  home,  you 
may  find  it  stamped  with 
the  words  “Silver-plated.” 
Practically  all  silver  dishes 
or  other  silver  objects  which 
are  not  stamped  “Sterling 
Silver”  are  plated.  The  handle-bars  and  other  shiny  parts  of 
your  bicycle  are  plated  with  nickel. 

Experiment  113.  How  are  objects  electroplated?  Make  a solu- 
tion of  copper  sulphate  and  water  and  pour  it  into  a glass  tumbler 
or  beaker.  Obtain  a clean  silver  dime  and  make  a little  stirrup  of 
copper  wire  so  that  the  dime  can  be  suspended  in  the  solution. 
Also  obtain  a strip  of  copper  about  four  inches  long  and  a half-inch 
wide.  Connect  the  coin  to  the  negative  electrode  of  a dry  cell  (see 
page  518)  and  the  copper  strip  to  the  positive  electrode  of  the  same 
cell.  Place  the  silver  coin  and  the  copper  strip  in  the  solution  for 
a few  minutes  (Figure  429).  Remove  the  coin.  Result? 

Plating,  such  as  was  demonstrated  in  the  experiment,  is 
possible  because  some  materials  break  up  into  particles 
bearing  an  electric  charge  when  they  dissolve  in  water. 
Copper  sulphate,  for  example,  breaks  up  into  two  kinds  of 
charged  particles,  or  ions,  as  they  are  called.  One  kind  of 
particle,  the  copper  ions,  is  charged  positively.  The  silver 
coin  is  attached  to  the  negative  electrode  of  the  battery  and 


Fig.  429.  Apparatus  for  Experiment 
113.  Be  sure  to  connect  the  silver 
coin  to  the  negative  electrode. 
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hence  has  a negative  charge.  This  negative  charge  attracts 
the  positively  charged  copper  ions.  When  the  ions  touch  the 
coin,  they  take  electrons  from  it  and  are  then  deposited 
on  the  coin  as  solid  copper.  At  the  same  time  some  of  the 
copper  which 
composes  the  cop- 
per strip  goes  into 
solution,  forming 
copper  ions  and 
taking  the  place 
of  the  copper 
which  was  depos-. 
ited.  In  this  way 
the  strength  of 
the  solution  is 
maintained. 

In  plating  with 
silver  or  other 
materials  the 
same  method  is  used.  A compound  of  silver  which  forms 
ions  in  solution  is  used  as  an  electrolyte,  and  the  article  to 
be  plated  is  connected  to  the  negative  electrode  of  the  source 
of  current.  A bar  of  pure  silver  is  connected  to  the  positive 
electrode  of  the  cell  and  suspended  in  the  electrolyte  (Figure 
430).  This  bar  of  silver  goes  into  solution,  providing  silver 
ions,  just  as  the  copper  strip  provided  copper  ions. 

Suggested  Activity.  Look  up  electrotyping  in  a reference  book. 
Try  to  explain  how  it  is  done  on  the  basis  of  the  explanation  given 
for  electroplating.  If  your  school  has  a print  shop,  obtain  some  type 
and  see  if  you  can  make  a mold. 

Self-testing  exercise  5.  Assume  that  you  are  asked  to  give  a talk 
on  how  electroplating  is  done  and  then  to  explain  the  process.  Make 
an  outline  which  would  serve  as  notes  for  your  talk. 

Summary  exercise  on  Unit  XIV.  Make  a list  of  all  the  principles 
of  science  that  you  have  learned  from  your  study  of  this  unit. 
State  each  principle  in  sentence  form. 


Fig.  430.  Silver  plating.  The  bar  from  which  hang 
the  articles  to  be  plated  is  not  in  contact  with  the 
positive  electrode,  although  this  view  makes  it 
appear  to  be  so. 
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Additional  Exercises 

1.  Make  a diagram  showing  the  connections  of  a battery  of  dry 
cells  which  will  furnish  fifteen  volts. 

2.  By  means  of  a drawing,  show  how  an  electric  bell  in  the 
front  part  of  the  house  and  one  in  the  kitchen  can  be  operated  by 
one  push-button  at  the  front  door. 

3.  Can  glass  be  used  as  an  electrode?  Why? 

4.  Copper  wires  are  generally  wrapped  with  cotton  or  silk.  Why? 

5.  The  tops  of  dry  cells  are  covered  with  tar  or  pitch.  Why? 

6.  Cells  finally  “wear  out’’  so  that  they  will  no  longer  produce 
an  electric  current.  How  do  you  account  for  this? 

7.  Why  will  radio  tubes  burn  out  if  they  are  connected  to  the 
“B’’  battery? 

8.  Why  is  a cardboard  cover  put  on  dry  cells? 

9.  Make  a list  of  as  many  materials  as  you  can  which  will  con- 
duct electricity;  which  will  not  conduct  electricity. 

10.  Why  does  an  electric  motor  run  faster  if  more  current  is 
sent  through  it? 

11.  Compare  the  advantages  and  disadvantages  of  the  dynamo 
and  the  cell  as  sources  of  electricity. 

12.  In  what  different  ways  can  the  power  of  a motor  be  trans- 
mitted to  run  machinery? 

13.  How  is  the  speed  of  an  electric  fan  controlled? 

14.  Make  a drawing  to  show  your  idea  of  how  a water  turbine 
is  used  to  run  a dynamo. 

15.  What  is  the  voltage  of  your  automobile  battery?  How  can 
you  tell? 

16.  Get  an  old  storage  battery  and  examine  its  construction. 

17.  Linemen  working  on  power  lines  usually  wear  rubber  gloves. 
Why? 

18.  Why  is  one  more  likely  to  get  an  electrical  shock  if  one’s 
hands  are  wet  than  when  they  are  dry? 

19.  Examine  insulators  on  telephone  poles  and  power  lines. 
Make  drawings  to  illustrate  each  type  and  describe  each  as  well 
as  you  can. 
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HOW  IS  LIGHT  ENERGY  MADE  TO  SERVE 
MAN? 

Preliminary  Exercises 

1.  Make  a list  of  the  ways  in  which  light  energy  is  useful  to 
you. 

2.  How  is  it  possible  for  you  to  see  objects  in  the  daytime  and 
difficult  or  impossible  for  you  to  see  them  at  night?  (Refer  to 
pages  313-314.) 

3.  What  are  some  of  the  things  which 
would  happen  if  the  sun  ceased  giving  light  to 
the  earth? 

4.  How  fast  does  light  travel? 

5.  What  is  a shadow?  An  eclipse? 

6.  How  would  it  be  possible  for  you  to 
see  a person  around  the  corner  of  a building? 

7.  How  did  primitive  people  light  their 
crude  dwellings? 

8.  How  many  kinds  of  artificial  light  do 
you  know?  Can  you  tell  how  the  light  is 
produced  in  each  case?  (Refer  to  Unit  IX.) 

9.  Suppose  you  were  asked  whether  or 
not  a certain  room  is  well-lighted?  What 
points  would  you  consider  in  your  answer? 

10.  How  is  light  used  to  make  photographs? 

11.  How  does  a magnifying  lens  make  objects  look  larger  than 
they  really  are? 

The  Story  of  Unit  XV 

That  light  energy  is  of  great  value  to  all  of  us  in  everyday 
life  will  be  evident  when  you  consider  (a)  the  importance  of 
this  form  of  energy  in  the  manufacture  of  the  world’s  food 
supply  by  photosynthesis,  (b)  the  use  made  of  light  in  seeing 
our  way  from  place  to  place,  (c)  the  need  of  light  for  our  daily 
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Fig.  431.  An  ancient 
lamp.  At  the  right 
of  the  bowl  is  the 
crude  wick  which  is 
dipped  into  the  fat 
or  oil. 
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work  in  our  homes,  schools,  offices,  and  factories,  {d)  the 
purpose  light  serves  in  signalling  devices  of  many  kinds, 
{e)  the  use  which  we  make  of  it  in  photography,  and  espe- 
cially (/)  how  different  must  be  the  lives  and  activities  of 
those  who  cannot  see  from  the  lives  of  those  who  possess 
sight  and  are  able  to  make  use  of  light  energy  for  vision. 


Fig.  432.  Man’s  progress  from  the  torch  to  the  kerosene  lamp  required 
centuries  of  time. 


You  come  to  the  study  of  light  energy  and  how  it  is  made 
to  serve  man  with  many  ideas  about  light  learned  in  pre- 
vious units  and  in  your  everyday  experience.  You  know  that 
light  is  a form  of  energy,  that  our  natural  light  comes  to  the 
earth  from  the  sun,  that  light  travels  with  a speed  of  186,000 
miles  each  second,  that  very  hot  bodies  give  off  light,  that 
the  burning  of  fuels  is  accompanied  by  the  production  of 
heat  and  light,  that  rays  of  light  from  an  object  can  be  bent 
by  a lens  to  form  an  image  of  the  object,  that  shadows  are 
produced  by  bodies  through  which  light  cannot  pass,  that 
light  has  been  considered  to  be  very  small  waves,  that  light 
waves  of  different  lengths  are  of  different  colors,  and  that  an 
ordinary  cold  object  can  be  seen  only  because  the  light  from 
the  sun,  or  from  other  luminous  bodies,  is  reflected  from  the 
cold  object  to  your  eye. 

The  sun  is  our  best  source  of  light.  This  form  of  energy 
comes  from  the  sun  to  the  earth,  across  the  93,000,000  miles 
of  space,  in  about  eight  minutes.  Because  the  light  goes 
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out  in  all  directions  from  the  sun,  the  earth  receives  but  a 
very  small  fraction  of  the  total  light  of  the  sun.  Yet  this 
small  fraction  is  enough  to  illuminate  so  greatly  the  half 
of  the  earth  facing  the  sun  that  the  light  is  often  too  bright 
for  our  eyes.  How  the  sunlight  comes  to  us  and  how  we 
control  it  for  lighting  our  buildings  will  be  one  of  your 
problems  in  this  unit. 


Fig.  433.  It  is  interesting  to  note  that  all  the  modern  ways  of  artificial 
lighting  have  been  invented  and  perfected  during  the  last  one  hundred 
and  twenty-five  years. 

It  is  not  always  possible  to  use  sunlight  for  lighting.  At 
night  and  under  certain  weather  conditions  we  are  forced 
to  use  artificial  means  to  illuminate  our  buildings,  streets, 
roads,  railroad  tracks,  harbors,  and  airways.  Even  on  bright 
days  artificial  light  is  often  necessary  in  our  homes,  offices, 
and  factories.  The  earliest  methods  of  artificial  lighting  were 
open  fires  outside  and  inside  the  shelters  of  primitive  people. 
Later,  animal  fat  was  burned  in  open  vessels.  Wicks  of 
various  kinds  were  placed  in  the  fat  and  ignited,  providing 
a poor  light.  In  time,  man  learned  to  make  candles  of  the 
animal  fat  and  also  to  make  a lamp  by  putting  oil  in  a vessel 
and  placing  a crude  wick  in  the  oil  (Figure  431).  Hundreds 
of  years  later  candles  were  made  of  paraffin.  Some  early 
lighting  devices  are  shown  in  Figure  432. 

The  first  practical  use  of  gas  for  lighting  a building  was 
applied  in  England  by  William  Murdock,  in  1802.  With  the 
discovery  of  ways  to  separate  crude  petroleum  into  different 
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fuels,  kerosene  came  into  use  in  lamps  about  1860.  In  1879 
Edison  gave  us  the  first  electric  bulb,  or  incandescent  light 
(Figure  421,  page  538),  though  an  electric-arc  lamp  which 
worked  much  like  the  one  in  Figure  434 
was  in  use  as  early  as  1862.  How 
artificial  methods  of  lighting  are  used 
and  the  relative  effectiveness  of  dif- 
erent  forms  of  artificial  light  are  prob- 
lems which  you  will  study  in  this  unit. 

In  his  efforts  to  learn  more  about 
light  and  to  put  it  to  use  in  ways  other 
than  for  lighting,  man  has  discovered 
much  about  how  light  behaves.  He  has 
come  to  know  that  light  travels  in 
straight  lines,  that  it  may  be  reflected, 
that  it  is  bent  in  passing  through  lenses, 
and  that  it  produces  changes  on  photo- 
graphic plates  or  films.  Through  a 
knowledge  of  these  facts  he  is  able  to 
understand  and  use  many  kinds  of  de- 
vices, such  as  mirrors,  periscopes,  read- 
ing glasses,  microscopes,  telescopes, 
and  cameras. 

Problem  1:  How  Is  Sunlight  Used  for  Lighting? 

Study  Suggestion.  In  order  to  understand  how  sunlight  is 
used  for  lighting  purposes,  you  must  first  know  some  of  the  im- 
portant properties  of  light  energy.  On  the  completion  of  this  prob- 
lem you  should  be  able  to  state  not  only  certain  properties  of  light, 
but  also  the  major  ways  in  which  man  uses  sunlight  to  illuminate 
his  buildings  in  a scientific  manner. 

How  does  sunlight  reach  the  earth?  If  we  knew  exactly 
what  light  is,  it  would  be  possible  to  answer  the  question  in 
an  exact  way.  However,  scientists  do  not  agree  on  the  nature 
of  light.  Some  think  of  it  as  a series  of  very  small  waves, 
and  others  consider  it  to  be  a stream  of  minute  particles  of 


Fig.  434.  A modern 
electric-arc  lamp.  The 
arc  forms  between  the 
upper  and  lower  elec- 
trodes. When  the  globe 
is  closed,  the  reflector  at 
the  bottom  reflects  the 
light  upward  through 
the  frosted  globe. 
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matter  or  energy.  In  such  a situation  we  shall  accept  the 
idea  that  best  explains  our  observations  concerning  the 
behavior  of  light.  Perhaps,  in  some  later,  advanced  courses 
in  physics,  you  will  learn  more  about  these  disputed  theories. 

Let  us  assume,  then,  that  the  sun  sends  out  visible  light 
waves  so  rapid  in  vibration  that  about  400,000,000,000,000  to 

730.000. 000.000.000  vibrations  take  place  each  second  and 
that  there  are  about 

34.000  to  62,000  of  these 
waves,  or  complete  vi- 
brations, in  every  inch. 

These  waves  would  then 
travel  forward  from  the 
sun  at  the  rate  of  about 

186.000  miles  per  sec- 
ond. (See  if  you  can 
show  that  light  having 

400.000. 000.000.000  vibrations  each  second  and  34,000  vibra- 
tions in  each  inch  would  travel  forward  about  186,000  miles 
each  second.)  The  waves  are  considered  to  be  waves  in  the 
ether,  the  very  light  substance  which  scientists  believe  fills 
all  space,  even  the  space  between  the  molecules  of  gases, 
liquids,  and  solids.  These  waves  are  of  such  length  that 
they  can  affect  the  human  eye;  that  is,  they  are  waves  of 
visible  light.  (See  pages  313-314.) 

What  is  the  direction  of  these  light  waves?  Let  us  do  an 
experiment  to  answer  the  question,  bearing  in  mind  that 
light  from  the  source  we  use  in  the  experiment  is  similar  to  the 
light  from  the  sun,  and  that  a beam  of  light  may  be  considered 
a bundle  of  parallel  light  waves. 

Experiment  114.  What  is  the  direction  of  a beam  of  light? 

Place  a small  burning  candle  or  a flashlight  on  a table.  Obtain 
two  pieces  of  cardboard  about  ten  inches  square  and  punch  or  burn 
a small  hole  near  the  center  of  each.  Hold  the  cardboards  between 
your  eye  and  the  candle,  moving  the  cardboards  until  you  can 
see  the  source  of  light  through  the  holes  (Figure  435).  Are  the 


of  light. 
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eye,  the  holes,  and  the  source  of  light  in  a straight  line  when  the 
light  from  the  source  reaches  your  eye?  Move  one  of  the  card- 
boards up,  down,  and  sidewise  about  a half-inch.  Does  the  light 
come  to  your  eye  when  the  position  of  one  of  the  holes  is  moved? 
Do  light  waves  travel  along  curved  paths  from  the  source  of  the  light 
to  the  eye? 

Suggested  Activity.  Allow  a beam  of  sunlight  to  enter  a dark 
room  through  a hole  in  the  curtain.  Hold  that  part  of  the  curtain 
which  has  the  hole  in  it  perpendicular  to  the  line  between  the  sun 

and  the  hole.  Observe  the 
size  of  the  beam  which  comes 
through  the  hole.  (A  little 
chalk  dust  in  the  air  inside  the 
room  will  make  the  beam 
more  clearly  visible.)  Is  the 
cross  section  of  the  beam  as 
large  as  the  hole? 

As  the  light  rays  leave 
the  sun,  they  travel  out- 
ward through  space  in  all 
directions  along  straight 
lines.  Those  waves  which 
strike  the  earth  are  prac- 
tically parallel.  As  the  par- 
allel rays  of  sunlight  come 
toward  the  earth,  they 
travel  in  a straight  line  in 
the  ether  until  they  strike  the  air  around  the  earth.  Let  us 
see  what  happens  to  light  as  it  passes  from  one  medium  to 
another.  We  shall  use  air  and  water  as  the  two  media  in  an 
experiment. 

Experiment  115.  What  happens  to  a slanting  beam  of  light  as 
it  passes  from  one  medium  to  another?  (a)  If  you  can  arrange  to 
have  a beam  of  light  from  the  sun  come  through  a very  small  hole 
in  the  curtain  of  a dark  room,  allow  the  beam  to  strike  at  a slant 
the  surface  of  water  in  a glass  container  (Figure  436).  Note  what 
happens  to  the  direction  of  the  beam  when  it  passes  from  the  air  into 


Fig.  436.  How  light  can  be  bent.  The 
dotted  line  shows  where  the  beam  would 
go  if  the  water  were  not  present. 
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the  water?  Note,  too,  that  the  beam  travels  in  a straight  path  in  the 
water.  How  do  you  answer  the  question  of  the  experiment? 

(b)  Place  a coin  in  a tin  pan  just  out  of  sight  (Figure  437).  Why 
can  you  not  see  the  coin?  Now,  without  moving  the  coin  or  your 
eye,  slowly  add  water  to  the  pan 
and  observe  that  the  coin  comes 
into  view.  What  must  have  hap- 
pened to  certain  rays  of  the  light 
from  the  coin  that  makes  it  possi- 
ble for  you  to  see  the  coin  when 
the  water  is  present  in  the  pan? 


This  experiment  shows  you 
three  things  about  light: 

(1)  Light  travels  in  a straight  line 
through  the  same  medium.  (2)  It  is 
refracted,  or  bent,  when  it  strikes  at  a 
slant  a medium  of  different  density. 
(3)  As  you  can  observe  by  a study 
of  Figures  436  and  438,  the  light  is 
bent  toward  the  normal,  that  is,  the 
perpendicular  to  the  surface  of  the 
medium  at  the  point  where  the  light 
enters  the  medium,  when  it  passes 
f r o m a 


Fig.  437.  Ray  (a)  from  the  coin  be- 
fore the  water  was  added.  Ray  (6) 
from  the  coin  after  the  water  was 
added. 


Fig.  438.  What  happens 
to  ray  (a)  as  it  enters  the 
glass?  As  it  leaves  the 
Will  a normal  ray 
be  bent? 


Fig.  439.  Air  of  different  den- 
sities acts  like  different  media. 


less  dense 
to  a denser  medium  and  away 
from  the  normal  when  it  passes 
from  a denser  to  a less  dense  me- 
dium. 

In  all  places  except  where  the 
sun  is  directly  overhead,  the  rays 
of  sunlight  strike  the  air  around 
the  earth  at  a slant.  (See  Fig- 
ure 4,  page  8.)  They  are  there- 
fore refracted,  as  shown  in  Figure 
439.  If  the  air  were  of  the  same 
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density  throughout,  the  direction  of  the  rays  after  they  strike 
the  air  would  be  a straight  line.  But  the  air  becomes  denser 
and  denser  as  the  surface  of  the  earth  is  approached,  and  the 
rays  are  bent  more  and  more.  The  bending  of  the  rays  is 
so  small  near  the  surface  of  the  earth  that  the  rays  appear 
to  us  to  come  along  straight  lines. 

There  is  still  another  property  of  light  which  you  must 
consider  in  your  solution  to  this  problem.  This  property  is 


known  as  reflection  and  is  similar  to  the  reflection  of  radiant 
energy  which  you  considered  in  Unit  II.  In  your  everyday 
experience  you  have  come  to  know  that  some  materials,  like 
mirrors,  shiny  metals,  windowpanes,  or  smooth  surfaces 
of  water,  reflect  the  sunlight  so  well  that  the  light  is  intensely 
bright  as  it  comes  from  the  material  to  your  eyes.  Other 
materials,  like  frosted  glass,  wood,  rough  paper,  and  soil, 
do  not  seem  to  reflect  the  light  so  well.  An  experiment  will 
make  clear  the  law  of  reflection  of  light. 

Experiment  116.  How  is  light  reflected?  (a)  Draw  a line  across 
the  middle  of  a piece  of  paper  and  stand  a plane  mirror  on  this 
line,  called  the  base  line.  Use  a metal  mirror  if  possible.  Stick  a pin 
in  the  paper  a few  inches  in  front  of  and  to  the  right  of  the  middle 
of  the  mirror.  Close  one  eye  and  move  the  head  until  the  open  eye 
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is  level  with  the  top  of  the  table  and  in  front  of  the  left  side  of  the 
mirror  (Figure  440).  Look  at  the  image  of  the  pin  in  the  mirror. 
Place  a mark  on  the  base  line  at  the  point  where  you  see  the  image 
in  the  mirror.  Stick  a pin  a few  inches  in  front  of  the  mirror  on  the 
line  along  which  you  are  sighting.  Remove  the  mirror  and  draw  a 
line  from  each  pin  to  the  point  which  you  made  on  the  base  line. 
These  lines  form  two  angles  (a  and  b)  with  a perpendicular  (normal) 
to  the  base  line  at  the  same  point.  How  do  these  angles  compare 
in  size?  (If  you  know  how  to  use  a protractor,  measure  the  number 
of  degrees  in  the  angles  and  compare  them.) 

(b)  Repeat  part  (a),  changing  the  position  of  the  first  pin. 

The  light  from  the  first  pin  goes  to  the  mirror  and  is  re- 
flected to  the  eye.  .The  angle  between  the  ray  of  light  which 
strikes  the  mirror  and  the  normal  to  the  mirror  at  that  point 
is  called  the  angle  of  incidence  (angle  a,  Figure  440).  The 
angle  between  the  reflected  ray  and  the  normal  is  called  the 
angle  of  reflection  (angle  h).  From  the  experiment,  how  does 
the  angle  of  incidence  compare  in  size  with  the  angle  of 
reflection?  What  would  happen  to  a ray  of  light  which  struck 
the  mirror  or  any  reflecting  surface  perpendicularly? 

As  the  parallel  waves  of  sunlight  come  into  the  atmosphere, 
some  of  them  strike  the  innumerable  molecules  of  gases  in 
the  air,  the  water  droplets  in  the  form  of  clouds  or  rain,  and 
the  dust  particles  in  the  air;  these  light  rays  are  reflected. 
Other  rays  may  miss  these  materials  and  come  directly  to  the 
surface  of  the  earth. 

Experiment  117.  What  happens  when  sunlight  strikes  dust 
particles?  Allow  a beam  of  sunlight  to  enter  a darkened  room 
through  a hole  in  a curtain  or  through  a small  opening  between 
the  curtain  and  the  window  frame.  Fill  the  space  through  which 
the  beam  passes  with  chalk  dust  by  clapping  together  two  black- 
board erasers.  Is  the  beam  of  light  visible  now?  Why?  Can  you 
see  the  beam  equally  well  from  all  sides?  Why? 

The 'surfaces  of  the  particles  of  the  materials  in  the  air  are 
so  irregular  and  are  turned  in  so  many  directions  that  the 
light  rays  strike  them  at  different  angles.  Since  the  angle 
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of  incidence  equals  the  angle  of  reflection  for  every  surface, 
the  reflected  rays  come  from  the  particles  in  many  directions 
and  mix  together,  or  diffuse  (Figure  441).  This  diffused 
light  is  “soft  light,”  because  the  rays  are  mixed  up,  while 
the  direct,  parallel  rays  from  the  sun  are  “hard”  and  blinding 
when  they  strike  our  eyes.  When  the  sky  is  cloudy,  the  rays 

of  light  are  reflected  from  one 
droplet  of  water  to  another, 
some  finally  reaching  the  earth. 

Suggested  Activity.  Hold  dif- 
ferent materials  in  such  position 
that  the  light  from  the  sun  or  from 
an  artificial  light  is  reflected  to 
your  eyes.  Also  try  materials  of 
different  colors.  Arrange  the  names 
of  the  materials  in  the  order  of 
their  light-reflecting  quality. 

Self-testing  exercise  1.  From 
your  reading  and  your  experimen- 
tation thus  far  in  this  unit,  (a)  state 
as  many  properties  of  light  as  you 
know,  and  {b)  state  in  a series  of 
declarative  sentences  how  the  light 
from  the  sun  reaches  the  earth,  thus;  1.  Waves  of  light  are  sent  out 
by  the  sun  in  all  directions. 

How  is  the  sunlight  used  for  lighting  our  buildings?  It  is 

largely  the  diffused  light  from  the  sky  that  we  depend  upon 
for  the  natural  lighting  of  our  buildings.  Coming  through 
the  transparent  or  translucent  windows,  it  strikes  various 
parts  of  the  room  and  is  again  reflected  and  diffused,  making 
it  still  softer.  If  it  were  not  for  the  dust  particles,  the  drop- 
lets of  water,  and  other  particles  in  the  sky,  the  sky  would 
be  dark  except  in  the  direction  of  the  sun,  and  we  should 
find  it  necessary  to  have  our  windows  in  the  ceiling  so  that 
the  sunlight  could  come  into  our  rooms  and  then  be  reflected 
from  the  floors  and  walls. 


Fig.  441.  Diffusion  of  light 
rays.  If  a few  particles  cause  the 
rays  to  be  reflected  and  diffused 
in  this  way,  you  can  imagine  how 
thoroughly  millions  of  particles 
would  diffuse  the  light. 
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The  amount  of  light  which  enters  our  rooms  depends 
largely  upon  the  window  space  and  the  kind  of  glass  used 
in  the  windows.  In  order  to  provide  the  proper  amount  of 
light,  it  is  generally  agreed  that  the  window  space  should  be 
at  least  from  one-sixth  to  one-fourth  of  the  floor  space.  If 
it  is  one-fourth  or  more,  a room  may  receive  enough  light, 
even  on  a cloudy  day. 

The  amount  of  light 
which  enters  a room  is  not 
the  only  factor  to  bear  in 
mind  in  correct  lighting. 

The  color  of  the  ceiling,  the 
walls,  the  woodwork,  and 
the  furnishings  have  much 
to  do  with  proper  lighting. 

Dark-colored  materials, 
as  you  already  know,  ab- 
sorb much  light,  while 
light-colored  materials  re- 
flect light.  The  window 
space  and  the  kind  of  glass 
in  the  window  may  be  cor- 
rectly planned  for  a room,  and  yet  the  interior  decoration 
may  be  so  dark  in  color  that  much  of  the  light  is  absorbed. 
Figure  442  shows  two  rooms  with  the  same  window  space, 
but  with  walls  and  furnishings  that  are  of  different  colors. 
If  the  ceiling  and  walls  are  light-colored,  there  is  great  reflec- 
tion, which  produces  a soft,  agreeable  light  in  the  room;  but 
a dark-colored  interior  which  receives  the  same  amount  of 
light  may  absorb  so  much  of  it  that  the  room  is  very  poorly 
illuminated. 

The  position  of  the  windows  is  another  factor  to  be  con- 
sidered. Whenever  possible,  they  should  reach  to  the  ceiling. 
The  higher  the  windows  are,  the  greater  is  the  amount  of 
light  reflected  from  the  ceiling.  If  the  ceiling  is  light-colored, 
much  light  can  be  reflected  from  it,  and  the  light  then  comes 


Fig.  442.  The  two  rooms  are  receiving 
the  same  amount  of  light.  The  dark 
walls  of  the  room  at  the  left  are  absorb- 
ing a great  part  of  the  light.  (Illuminat- 
ing Engineering  Society.) 
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from  above,  properly  diffused.  Diffused  light  that  comes 
from  above  is  the  most  desirable  kind;  it  is  nature’s  own 
method  of  lighting. 

The  direction  from  which  the  light  comes  is  still  another 
important  thing  to  consider.  As  you  have  learned,  light  from 
above  is  most  desirable,  but  usually  we  must  get  much  light 
from  the  side.  In  general,  for  writing,  light  from  the  left  is 
best  because  the  shadow  of  the  hand  is  thus  avoided.  If  one 

is  left-handed,  the  light 
should  come  from  the  right. 
Why?  The  light  should 
also  come  from  as  high 
above  our  work  as  possible, 
however,  to  eliminate  re- 
flections. It  should  not 
come  from  the  source  in 
such  a way  that  it  is  re- 
flected from  the  page  di- 
rectly to  our  eyes  (Figure 
443).  In  factories,  shops, 
laboratories,  and  stores  where  it  is  impossible  to  arrange 
materials  so  that  they  may  be  well  lighted  from  one  side,  the 
skylight  method  is  always  best.  Saw-toothed  roofs  with 
windows  facing  north  give  the  most  satisfactory  illumination, 
because  the  light  from  the  north  sky  is  diffused  and  therefore 
“even”  and  “soft.” 

Self-testing  exercise  2.  Examine  your  living-room  at  home  and 
write  a report  on  “The  Lighting  of  Our  Living-Room,”  including 
such  points  as  the  following; 

1.  Ratio  of  window  space  to  floor  space. 

2.  Position  of  windows  and  direction  of  light. 

3.  Color  of  ceiling,  walls,  and  furnishings. 

4.  Regulation  of  light. 

5.  Suggestions  for  improvement. 

Self-testing  exercise  3.  Is  your  schoolroom  properly  lighted? 
Explain  your  answer. 


Fig.  443.  Which  of  these  students 
has  taken  the  best  position  for  read- 
ing? Why? 
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Problem  2:  How  Does  Man  Produce  and  Use 
Artificial  Light? 

How  do  gas  lights  furnish  light  energy?  Before  he  dis- 
covered how  to  use  electricity,  man  obtained  his  artificial 
light  from  fire.  Various  kinds  of  candles,  lamps,  and  gas 
burners  were  employed.  All  of  these 
gave  light  when  certain  materials  in  the 
flame  were  heated  until  they  became  in- 
candescent. Since  every  flame  contains 
burning  gas,  you  may  think  of  gas  light  as 
including  candles,  kerosene  lamps,  gasoline 
lamps,  acetylene  lamps,  natural-gas  burn- 
ers, and  artificial-gas  burners.  All  gas 
light  is  produced  in  a similar  way.  There 
is  always  some  solid  material  in  the  flame 
which  is  heated  to  incandescence.  (See 
Experiment  66,  page  332.) 

In  the  country  you  have  often  seen  the 
common  kerosene  lamp,  shown  at  the  right 
in  Figure  432.  The  more  modern  form  of 
kerosene  lamp  is  shown  in  Figure  444. 

This  is  often  called  the  circular-wick  kero- 
sene lamp,  because  the  wick  is  circular  and 
extends  all  the  way  around  the  burner. 

Sometimes  it  is  called  the  center-draft 
kerosene  lamp.  Why? 


Fig.  444.  By  the  use 
of  a frosted-glass 
shade,  this  center- 
draft  kerosene  lamp 
gives  a soft,  white 
light. 


Experiment  118.  How  does  the  kerosene  lamp  work?  Obtain 
a kerosene  lamp.  Experiment  with  it  to  see  what  effect  on  its  light- 
giving qualities  are  produced  by  (a)  an  irregular  and  a well-trimmed 
wick,  (b)  a high  and  a low  flame,  (c)  open  and  closed  air  holes, 
(d)  chimney  in  place  and  chimney  off,  etc.  Explain.  (Refer  to 
pages  325—333  and  347,  and  remember  that  light  is  produced  by  the 
incandescent  particles  of  carbon.) 


As  you  learned  in  Unit  IX,  natural  gas  and  artificial  gas 
are  used  as  fuels.  These  two  kinds  of  gas  are  commonly 
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used  for  lighting  where  electricity  cannot  be  produced  or 
obtained  at  low  cost.  With  artificial  gas  two  kinds  of  burn- 
ers, the  open  flame  and  the 
burner  fitted  with  a mantle,  are 
the  means  employed  for  pro- 
ducing light.  The  open  flame 
is  often  nothing  more  than  a 
flame  at  the  end  of  a pipe.  A 
valve  is  turned  to  allow  the 
gas  to  escape,  and  the  gas 
is  lighted.  The  gas  is  com- 
posed largely  of  compounds 
of  hydrogen  and  carbon.  The 
hydrogen  burns  with  a color- 
less flame,  but  some  of  the  car- 
bon particles  become  heated 
and  glow,  causing  a luminous 
flame.  Sometimes  a fish-tail  flame-spreader,  or  “lava- tip,” 
is  placed  in  the  end  of  the  gas  pipe,  as  shown  in  Figure  445. 
The  fish-tail  burner  spreads  the  flame  so  that  it  gives  more 
light,  and  a frosted-glass  shade  over  the 
flame  diffuses  the  light  so  that  it  is  more 
pleasing  and  restful  to  the  eye. 

A great  improvement  on  the  open  flame 
is  the  burner  fitted  with  a mantle.  The 
burner  is  much  like  the  Bunsen  burner. 

The  amount  of  air  entering  at  the  base  can 
be  regulated  so  that  all  of  the  carbon  is 
burned,  and  thus  a very  hot  blue  flame 
may  be  produced.  Over  this  blue  flame 
is  the  cup-  or  thimble-shaped  mantle 
(Figure  445)  composed  of  a meshwork  of 
the  white  oxides  of  two  rare  metals,  cerium 
and  thorium.  When  the  mantle  is  heated 
sufficiently,  it  becomes  incandescent  and 
gives  off  a very  bright  white  light. 


Fig.  446.  A portable 
gasoline  lamp.  One 
often  sees  lamps  of 
this  type  fitted  with 
fish-tail  burners. 


•To  Gas  Supply 


Fig.  445.  Types  of  gas  lamps. 
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The  portable  gasoline  lamp  shown  in  Figure  446  is  a com- 
mon means  of  producing  artificial  light.  The  gasoline  is 
contained  in  the  tank  at  the  top.  When  the  lamp  is  to  be 
lighted,  the  flame  of  a small  alcohol  lamp  or  the  flame  of 
a small  ball  of  asbestos  wool 
soaked  in  alcohol  is  brought 
under  the  gas  vaporizer,  heating  it 
until  it  is  quite  hot.  (This  is 
sometimes  done  by  opening  the 
valve  and  allowing  a little  gasoline 
to  flow  out  of  the  tube  into  a 
small  boat-shaped  metal  vessel  di- 
rectly under  the  vaporizing  tube, 
then  closing  the  valve  and  lighting 
the  gasoline.)  When  the  vaporiz- 
ing tube  is  hot  and  the  gasoline  in 
it  has  been  changed  to  a gas,  the 
valve  is  opened  slightly.  This  al- 
lows a fresh  supply  of  gasoline  gas 
to  enter  the  large  mixing  tube, 
carrying  air  with  it  (Figure  446) , 
and  the  mixture  passes  to  the 
burner,  where  it  is  lighted.  The 
mixture  of  gas  and  air  burns  with 
a hot  bluish  flame.  The  hot  gases 
of  the  flame  passing  upward  keep 
the  vaporizing  tube  hot  enough 
to  vaporize  the  gasoline  as  it  is 
needed.  A mantle  is  used  to  make  the  flame  luminous. 

A second  form  of  gasoline  lamp  (Figure  447)  has  the 
gasoline  tank  at  the  bottom.  To  operate  this  lamp,  air  is 
first  pumped  into  the  space  above  the  gasoline  by  means 
of  an  ordinary  bicycle  pump.  The  vaporizing  tube  is  then 
heated,  the  thumb-screw  is  turned,  opening  the  valve,  and 
the  gas  is  lighted  at  the  mantle,  which  in  this  form  of  portable 
lamp  usually  hangs  downward. 


Fig.  447.  Construction  of  the 
pressure  gasoline  lamp.  What 
step  in  the  operation  of  the 
lamp  is  being  taken  in  this 
picture? 
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For  lighting  entire  buildings  where  many  lamps  are  re- 
quired, a gasoline-gas  machine  is  sometimes  used.  This  is 
much  like  the  portable  gasoline  lamp.  It  consists  of  a reservoir, 
tubes  leading  to  different  rooms  or  different  parts  of  the  same 
room,  and  a number  of  lamps  quite  similar  to  the  one  last 
described.  To  avoid  danger  of  explosion  and  fire,  the  reservoir 
is  often  placed  in  a small  building  some  distance  from  the 
building  to  be  lighted.  Often  a blower  is  used  to  force  air 
into  the  reservoir,  and  the  gasoline  is  vaporized  and  mixed 
with  air  before  it  reaches  the  lamp. 

Suggested  Activity.  Find  out  what  kind  of  gas  is  used  in  your 
community,  how  the  gas  is  obtained  or  produced,  and  at  what 
price  it  is  sold.  Report  your  findings  to  the  class. 

Self-testing  exercise  4.  (a)  Examine  Figure  444  and  explain  (i)  how 
the  wick  is  adjusted,  (S)  how  the  flame  gets  air,  (3)  how  the  flame 
gets  kerosene  vapor,  (4)  why  the  chimney  is  used  over  the  flame, 
and  (-5)  why  this  lamp  gives  more  light  than  the  kerosene  lamp  in 
Figure  432. 

(b)  Recalling  your  study  of  the  Bunsen  burner  (page  348), 
explain  why  the  air  must  be  carefully  regulated  in  a gasoline-gas 
lamp  to  obtain  the  best  light  from  the  mantle. 

How  is  electricity  used  for  lighting?  Electric  light  has 
become  the  modern  source  of  artificial  illumination  wherever 
a sufficient  current  of  electricity  is  available.  You  know 
from  Unit  XI\"  how  light  is  produced  by  hot  filaments. 
Since  the  days  of  Edison’s  first,  crude  carbon-filament  lamp, 
many  improvements  have  been  made.  Today  the  much  more 
efficient  tungsten -filament  lights  are  rapidly  displacing  those 
with  carbon  filaments. 

Experiment  119.  How  is  the  electric  bulb  constructed?  (a)  Ex- 
amine an  electric-light  bulb  and  the  socket  to  see  how  the  electricity 
enters  and  passes  through  the  bulb. 

(6)  Observe  how  the  filament  is  attached  to  the  wires  which  lead 
through  the  glass  to  the  outside.  How  is  the  filament  suspended  to 
make  it  spread  over  considerable  space?  Why  is  this  done? 

(c)  Compare  the  construction  of  a carbon-filament  light  and  a 
tungsten  light. 
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(d)  Take  a “burned  out”  carbon-filament  bulb,  place  it  under 
water,  and  break  off  the  tip  of  the  bulb  with  a pair  of  pliers.  Why 
does  the  water  enter  the  bulb?  Does  it  completely  fill  with  water? 
If  not,  can  you  guess  why  it  does  not? 

(e)  If  a “burned  out”  nitrogen-filled  tungsten-filament  bulb  is 
available,  repeat  (d),  using  it  instead  of  a carbon-filament  bulb.  Re- 
sult? Can  you  explain  the  result? 

The  tungsten  bulb  is  superior  to  the  carbon  bulb  in  both 
the  amount  of  light  produced  and  in  the  color  of  the  light. 
For  these  reasons  the  tungsten-filament  lamp  has  largely 
displaced  the  carbon  lamp.  It  requires  only  about  one-fourth 
as  much  electricity  to  produce  the  same  amount  of  light, 
gives  a whiter  light,  and  does  not  “burn  out”  so  quickly, 
although  it  is  more  easily  broken.  Such  lights  were  made 
possible  when  scientists  learned  how  to  draw  the  metal 
tungsten  into  very  fine  wires. 

In  recent  years  the  tungsten  bulbs  have  been  filled  with 
gases  like  nitrogen  and  argon  which  will  not  combine  with 
the  filament.  The  air  is  first  removed  from  the  bulb  as  com- 
pletely as  possible;  the  nitrogen  or  argon  is  then  intro- 
duced, and  the  bulb  is  sealed.  The  presence  of  these  gases 
allows  the  filaments  to  be  heated  to  a higher  temperature 
than  is  possible  in  vacuum  bulbs  without  vaporizing  the 
metal.  This  increases  the  light-giving  qualities  of  the  filament. 
The  gas-filled  tungsten  bulb  gives  about  eight  times  as  much 
light  as  the  carbon  bulb  for  the  same  cost  of  electricity. 

The  electric  arc  lamp,  about  which  you  studied  in  Unit 
XIV,  has  also  been  improved.  The  carbon  rods,  between 
the  ends  of  which  the  current  flows,  have  cores  made  of  dif- 
ferent light-giving  materials  which  vaporize  and  produce 
what  is  known  as  the  flaming  arc.  The  ordinary  carbon-rod 
arc  gives  about  as  much  light  for  the  same  current  of  electricity 
as  the  vacuum  tungsten  lamp.  The  flaming  arc  lamp  is  much 
more  efficient,  often  giving  nearly  twice  as  much  light  for 
the  same  electrical  energy  as  the  gas-filled  tungsten  lamp. 

Self -testing  exercise  5.  Enumerate  the  advantages  of  electric 
light  over  other  forms  of  artificial  light. 
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Fig.  448.  An  electric  power  plant.  Water  passes  from  the  dam  through  the 
penstocks  to  the  turbines  in  the  basement  of  the  power  house.  The  turbines 
turn  the  dynamos  in  the  dynamo  room  above.  The  dynamos  send  the 
current  to  the  step-up  transformers,  which  increase  the  voltage  of  the 
current.  This  high  voltage  is  carried  by  transmission  lines  for  many  miles 
to  local  power  stations,  where  the  voltage  is  reduced  before  the  current 
goes  to  the  residences. 

How  are  buildings  wired  for  electric  lighting?  Figure  448 
shows  how  electricity  is  brought  from  the  power  plant 
to  a house.  The  voltage  of  the  current  from  the  generator 
which  supplies  the  electrical  energy  must  be  changed  to 
the  proper  voltage  for  the  electric  lights  in  the 
house.  The  E.M.F.  of  the  current  (see  page  529) 
which  enters  the  building  is  usually  1 10  volts.  Two 
heavy  insulated  wires  lead  to  the  house,  one  carry- 
ing the  current  into  the  building  and  the  other 
carrying  it  back  to  the  transformer.  If  the  gener- 
ator gives  a current  at  110  volts,  the  wires  leading 
to  the  building  come  directly  from  the  generator. 
If  the  voltage  of  the  current  from  the  generator  or 
power  house  is  more  than  110  volts,  a device  called 
a transformer  is  used  to  reduce  the  voltage  to 
110  volts.  Inside  the  wall  where  the  wires  enter 
the  house  (Figure  450)  is  a large  switch  with  two 


Fig.  449. 
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fuses,  as  shown  in  Figure  449,  which  are  encased  in  an  as- 
bestos-lined box.  From  this  switch  the  wires  lead  through 
the  meter  and  then  to  a second  fuse  box  and  switch.  If  the 
building  is  large  enough,  several  wires  lead  from  each  pole  of 
the  second  switch,  and  different  pairs  of  these  wires,  one  wire 
from  each  pole  of  the  switch, 
go  to  the  branch  fuse  boxes 
located  in  different  parts  of 
the  building.  From  each  of 
these  fuse  boxes  two  wires  lead 
to  the  different  rooms  where 
the  lights  and  small  wall 
switches  are  connected  to 
make  the  circuit  complete. 

All  wires  inside  the  building 
are  usually  placed  inside  iron 
pipes,  or  conduits,  to  prevent 
short-circuits.  With  such  con- 
duits for  the  wires,  the  proper 
construction  of  fuse  boxes,  and 
the  use  of  proper  fuses  there  is 
little  danger  of  fire.  In  the 
branch  fuse  boxes  screw-plug 
fuses  are  commonly  used. 

These  are  made  of  porcelain, 
a non-conductor,  and  contain 
a small,  flat  wire  through 
which  the  current  flows.  They  have  a cover  of  isinglass.  For 
the  first  and  second  fuse  boxes,  cartridge  fuses  are  more 
common.  In  these  a heavy  wire  of  low-melting  alloy  is  sur- 
rounded by  finely  powdered  marble,  clay,  or  other  non-com- 
bustible material.  The  powdered  material  serves  as  protection 
against  the  hot  metal  when  the  fuse  “burns  out.” 

If  a short-circuit  is  made  in  any  way  on  any  part  of  the  line, 
the  fuse  wires,  being  made  of  a metal  which  melts  at  a low 
temperature,  immediately  melt  and  break  the  part  of  the  cir- 
cuit which  they  control.  The  fuses  in  the  first  box  can  carry  a 


Fig.  450.  Electric  wiring  of  a small 
house.  The  lights  are  connected  in 
parallel.  The  letters  in  parentheses 
indicate  wall  switches.  See  Figure 
448  for  connections  of  service  lines. 
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large  current,  while  those  in  the  branch  fuse  boxes  can  carry 
only  a small  current.  A short-circuit  in  any  part  of  the  build- 
ing will,  therefore,  “burn  out”  the  fuse  in  the  branch  box. 
The  lights  in  other  parts  of  the  buildings  are  then  not  affected. 

In  the  wiring  of  the  house  (Figure  450)  you  observe  that 
the  lights  are  connected  across  two  lead  wires,  as  illustrated 

in  Figure  451.  This  meth- 
od of  connecting  lamps  is 
called  connecting  in  par- 
allel. You  see  that  any 
lamp  can  be  turned  off 
without  breaking  the  cir- 
cuit in  other  lamps.  But 
there  is  one  fact  about 
connecting  lamps  in  par- 
allel which  you  should 
remember;  namely,  that 
when  two  or  more  lamps 
are  connected  in  parallel 
across  the  lead  wires,  they 
allow  more  current  to  flow 


Fig.  451.  Parallel  connection  of  lamps. 
The  electric  light  bulbs  are  shown  by  the 
circles  numbered  (1),  (2),  (3),  (4),  (5), 
(6),  and  (7).  The  main  wires  lead  down 
the  hall  of  a building,  while  the  branches 
go  to  the  lamps  in  the  rooms.  The  wall 
switches  are  shown  at  (a),  {b),  (c),  (d), 
(e),  and  (/).  Any  lamp  can  be  turned  on 
without  disturbing  the  others. 


through  the  line  than  a single  lamp  does.  Therefore,  too  many 
lamps  should  not  be  connected  across  the  lead  wires  from  a 
branch  fuse  box,  because  the  current  strength  would  then  be 
greater  than  the  wire  could  carry  with  safety. 

Usually  the  branch  fuses  will  carry  five  or  ten  amperes. 
Since  ordinary  electric  bulbs  carry  about  one-half  ampere  on 
a 110-volt  circuit,  you  see  that  twelve  such  lamps  in  parallel 
allow  about  six  amperes  to  flow.  This  is  more  current  than 
a five-ampere  fuse  can  carry,  and  it  is  therefore  necessary  to 
have  fewer  lamps  on  the  branch  circuit  or  to  use  a fuse  with 
greater  capacity.  The  former  plan  is  the  better,  because  the 
smaller  fuse  offers  more  protection  against  a short-circuit  in  the 
line.  If  a heavier  fuse  is  used,  so  many  lights,  or  other  electri- 
cal devices,  may  be  put  in  the  circuit  that  the  current  may  heat 
the  wire  enough  to  burn  off  the  insulation  and  start  a fire. 
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Suggested  Activity.  Make  a collection  of  as  many  kinds  of 
fuses  as  you  can,  and  prepare  drawings  showing  the  different  kinds. 
Under  each  sketch  indicate  the  capacity  and  the  special  use  of  each 
kind  of  fuse. 

Self-testing  exercise  6.  (a)  Explain  all  that  happens  in  the 

line  and  in  the  lamps  when  you  turn  on  the  switch  of  an  electric  light. 

(b)  Why  are  fuses  in  the  first  fuse  box  of  a large  building  made 
to  carry  a current  of  from  30  to  150  or  more  amperes,  while  those 
in  the  branch  fuse  boxes  have  a capacity  of  only  5 or  10  amperes? 

(c)  Why  are  electric  lamps  in  buildings  not  connected  in  series? 
(See  page  566.) 

How  are  the  power  and  cost  of  artificial  light  measured? 

The  amount  of  light  which  is  given  off  by  any  source  can  be 
measured.  Scientists  have  given  us  a unit  for  measuring  the 
intensity  of  light.  This  unit  is  called  the  candle-power.  It 
formerly  signified  the  brightness  of  the  flame  of  a sperm 
(whale-oil)  candle,  seven-eighths  of  an  inch  in  diameter, 
burning  at  the  rate  of  120  grains,  or  7.77  grams,  of  sperm 
an  hour.  Because  it  is  impossible  to  make  candles  which 
give  exactly  the  same  amount  of  light,  scientists  now  use 
electric-light  bulbs  to  measure  candle-power. 

By  the  use  of  the  candle-power,  it  is  possible  to  measure 
the  light  from  the  different  devices  in  our  homes.  A kerosene 
lamp  gives  from  ten  to  fifteen  candle-power,  depending  upon 
the  size  and  height  of  the  wick;  an  ordinary  flat  gas  flame 
gives  from  fifteen  to  twenty-five  candle-power;  a gas  mantle 
for  ordinary  gas  lighting  has  a candle-power  of  from  50  to 
100;  mantles  on  gasoline-gas  burners  usually  give  from  100 
to  150  candle-power;  incandescent  electric  bulbs  vary  accord- 
ing to  the  size  of  the  bulb,  ranging  from  a few  candle-power 
to  as  high  as  1000  candle-power.  An  electric  arc  may  give 
as  many  as  1000  to  2000  candle-power.  The  amount  of  light 
from  any  of  the  gas  lighting  appliances  depends  upon  the 
rate  at  which  the  fuel  burns.  It  is,  therefore,  not  possible  to 
state  more  exactly  the  candle-power  of  these  sources. 

The  power  of  electric  lights  is  usually  stated  in  watts. 
The  watt  is  the  unit  for  measuring  the  electric  power  used. 
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Fig.  452.  An  electric 
meter.  No  electricity 
has  passed  through 
this  meter.  All  hands 
point  to  the  zero 
marks. 


One  watt  of  power  is  produced  when  a force  of  one  volt 
sends  one  ampere  of  current  through  a wire  (volts  times 
amperes  equals  watts).  The  kind  of  filament  in  a bulb  deter- 
mines how  much  light  will  be  given 
when  a certain  electrical  power  is  used ; 
that  is,  the  relation  between  watts  and 
candle-power  depends  upon  the  kind  of 
filament. 

The  ordinary  carbon-filament  lamp 
requires  about  3.1  watts  per  candle- 
power  ; the  tungsten  lamp  requires  about 
1.25  watts  per  candle-power;  and  the 
gas-filled  tungsten  uses  only  about  0.5 
watt  per  candle-power.  These  figures 
are  for  the  ordinary  110- volt  lighting  cir- 
cuit. If  you  examine  an  electric  bulb  and 
find  it  marked  twenty-five  watts  (25W) 
or  fifty  watts  (50W),  you  can  know  how 
many  candle-power  it  gives.  If  the  bulb  is  a fifty-watt  Mazda 
(gas-filled  tungsten)  lamp,  it  gives,  on  a 110- volt  circuit,  50 
divided  by  about  0.5,  or  approximately  100  candle-power. 

For  illuminating 
gas,  the  meter 
measures  the  vol- 
ume used,  and  the 
gas  is  sold  to  the 
customer  at  so 
much  per  cubic 
foot.  In  electric 
lighting,  cost  de- 
pends upon  the 
amount  of  electric 
power  used,  which 
is  measured  by  an  electric  meter  (Figure  452).  As  the  current 
is  used,  the  hands  on  the  dial  are  turned  by  small  gear  wheels 
inside  the  meter.  The  electric-meter  dials  (Figures  453  and 


Fig.  453.  One  reading  of  the  meter.  The  hands 
left  to  right  turn  in  opposite  directions.  For  one 
turn  of  the  hand  at  the  left,  the  one  to  its  right 
makes  10  turns,  the  third  hand  makes  100  turns, 
and  the  fourth  makes  1000  turns.  The  reading  is 
4538  kilowatt-hours. 
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454)  indicate  the  number  of  kilowatt-hours  used  between  the 
time  of  two  different  readings.  (A  kilowatt-hour  means  that 
1000  watts  of  electrical  power  have  been  used  for  one  hour.) 
Since  electrical  power  is  sold  by  the  kilowatt-hour,  the  cost  of 
lighting  a building 
for  a certain  peri- 
od is  determined 
by  reading  the  me- 
ter at  the  begin- 
ning and  end  of 
that  period  and 
multiplying  the  Fig.  454.  A later  reading  of  the  meter.  Compare 
Hi’ffprpnrp  Figure  453.  The  hand  at  the  left  shows 

^ between  four  and  five  thousand  kilowatt-hours, 

cost  per  kilowatt-  What  is  the  complete  reading? 

hour.  Figure  455 

gives  you  some  idea  of  the  relative  cost  of  candle  light  as 
compared  with  other  more  modern  sources  of  artificial  light. 

Self-testing  exercise  7.  (a)  An  electric  bulb  (tungsten  vacuum 

bulb)  gives  a candle-power  of  80.  How  many  units  of  electric 

power  does  it  use? 

(b)  How  much  current  flows 
through  a 60-watt  lamp  connected 
in  a 110-volt  circuit? 

(c)  From  Figures  453  and  454 
find  how  many  kilowatt-hours  were 
used  during  the  interval  between 
the  two  readings.  Find  the  cost  of 
electricity  per  kilowatt-hour  in  your 
community,  and  determine  what  the 
bill  for  electricity  would  be. 

How  is  artificial  light  regu- 
lated in  our  buildings?  Your 
eyes  are  delicate  mechanisms 
and  need  to  be  considered  in  lighting.  (See  page  242.)  All 
lighting  in  buildings,  whether  natural  or  artificial,  should  be 
regulated  to  provide  the  least  strain  on  the  eyes  and  to  allow 
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Fig.  455.  The  len^hs  of  the 
lines  show  the  relative  costs  of 
the  same  amount  of  light  from 
different  sources.  (U.  S.  Bureau 
of  Standards.) 
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you  to  see  any  object  clearly.  The  amount  of  light,  the  color 
of  the  light,  the  direction  from  which  the  light  comes  to  the 
eye,  and  the  method  of  lighting  are  four  very  important  things 
that  must  be  considered  in  regulating  light  so  that  it  will  be 
most  pleasing. 

The  amount  of  light  received  from  any  source  depends, 
as  you  know,  upon  the  brightness  or  intensity  of  the  source 


11^^  ill  iilliiiiili 

Fig.  456.  The  intensity  of  the  light  becomes  less  and  less  as  the  distance 
from  the  light  increases.  Hold  the  second  cardboard  so  that  the  edges 
of  the  beam  of  light  correspond  with  the  lines. 


and  upon  the  distance  from  the  source.  Evidently,  an  ordi- 
nary electric  lamp  gives  out  much  more  light  than  a candle 
does  because  the  source  is  brighter.  But  if  the  lamp  is  far 
away  and  the  candle  is  near,  the  candle  may  give  more  light 
or  illumination  on  your  table.  Let  us  see  by  an  experiment 
how  the  distance  from  a source  of  light  affects  the  intensity 
of  the  light. 

Experiment  120.  How  does  the  distance  from  a source  of  light 
determine  the  intensity  of  the  light?  In  a dark  room  place  a candle 
or  electric  flashlight  one  foot  from  a cardboard  which  has  a hole 
one  inch  square  at  the  center  (Figure  456).  Allow  the  light  to  pass 
through  the  hole  in  the  first  cardboard  and  strike  a second  card- 
board, which  is  marked  off  in  square  inches  and  which  is  held  two 
feet  from  the  candle.  How  many  square  inches  does  the  beam  of 
light  cover  on  the  second  cardboard?  Move  the  second  cardboard 
three  feet  from  the  candle.  How  many  square  inches  of  space  are 
covered  by  the  beam  of  light? 
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From  the  experiment  you  learn  that  a beam  of  light  which 
is  one  square  inch  in  cross  section  at  a distance  of  one  foot 
from  the  source  spreads  until  it  covers  four  square  inches 
at  a distance  of  two  feet,  and  nine  square  inches  at  a distance 
of  three  feet  from  the  source.  If  the  same  light  spreads  over 
more  space,  the  intensity  must  be  less.  At  a distance  of  two 
feet  the  space  cover- 
ed by  the  beam  is 
twice  as  long  and 
twice  as  broad,  or 
four  times  as  large 
as  at  a distance  of 
one  foot.  Similarly, 
at  a distance  of  three 
feet  it  is  three  times 
as  long  and  three 
times  as  broad,  or 
nine  times  as  large. 

You  see  that  the  light 
is  only  one-fourth  as 
intense  at  a distance 
of  two  feet  from  the 
source  as  it  is  at  a distance  of  one  foot.  Similarly,  at  a dis- 
tance of  three  feet  it  is  only  one-ninth  as  intense  as  it  is  at 
one  foot  from  the  source. 

In  artificial  lighting,  as  in  natural  lighting,  the  amount  of 
light  in  a room  is  of  no  greater  importance  than  the  softness 
of  the  light.  The  correct  amount  of  diffused  light  is  the  best 
possible  for  the  eye.  It  is  this  which  you  should  always  try 
to  obtain,  especially  for  reading.  But  remember  that  the 
direction  from  which  the  light  comes  is  also  important. 

Three  common  methods  of  lighting  rooms  with  electric 
lights  are  the  direct  method,  the  semi-direct,  and  the  indirect 
method  (Figure  457).  In  the  first  method  the  light  comes 
directly  from  the  source  to  the  table  or  place  of  work.  The 
bulb  may  be  made  of  frosted  glass  to  diffuse  the  light,  or  it 


Fig.  457.  Three  methods  of  lighting.  At  the 
left  is  a direct-lighting  fixture;  the  light  is 
reflected  downward.  In  the  middle  is  an  in- 
direct lighting  fixture;  the  light  is  reflected  to 
the  ceiling  by  the  white  inner  surface  of  the 
opaque  porcelain  enamel.  At  the  right  is  a 
semi-direct  fixture;  some  of  the  light  goes  to 
the  ceiling  and  some  passes  downward 
through  the  frosted  glass  bowl. 
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may  be  a plain  glass  bulb.  In  either  case  the  light  may  be 
glaring  and  unpleasant  or  tiresome  to  the  eye.  Little  light 
is  wasted  in  this  way,  however.  Shades  or  reflectors  may 
be  used  to  make  the  light  more  intense.  In  the  semi-direct 
method  a translucent  frosted  bowl  is  placed  under  the  lamp. 
Some  of  the  light  passes  through  the  bowl  and  is  diffused; 
some  is  reflected  by  the  bowl  to  the  ceiling  and  then  comes 
back  to  the  room.  This  combination  of  diffused  light  and 
diffused  reflected  light  is  pleasing  to  the  eye. 

The  system  which  is  being  used  more  and  more  in  modern 
buildings  is  the  indirect  method.  The  bowl  under  the  light 
is  opaque,  allowing  no  light  to  come  directly  to  the  lower 
part  of  the  room.  It  is  all  reflected  to  the  ceiling  and  then 
comes  back  into  the  room.  The  ceiling  is  of  such  material 
and  color  that  the  light  is  thoroughly  diffused  and  quite 
white.  It  is  the  nearest  approach  to  diffused  sunlight  and  is, 
therefore,  very  soft  and  pleasing  to  the  eye.  The  same  effect 
is  produced  in  many  modern  buildings  by  placing  the  lights 
in  recesses  around  the  top  of  the  walls  of  the  room.  The 
light  is  then  reflected  from  the  ceiling,  no  light  coming  directly 
from  the  source  to  the  eye  or  to  the  lower  part  of  the  room. 

Good  artificial  illumination  is  quite  as  important  in  a 
factory  or  workshop  as  it  is  in  the  home  or  school,  espe- 
cially in  large  factories  where  many  men  are  employed.  Vari- 
ous kinds  of  direct  and  indirect  lighting  methods  are  used, 
depending  upon  the  amount  and  kind  of  light  required. 

Suggested  Activity.  Visit  several  factory  buildings  or  other 
buildings  in  your  community  and  observe  the  various  methods  of 
lighting  used.  Prepare  a report  on  your  observations.  Comment 
particularly  on  special  ways  used  to  insure  good  lighting  for  special 
kinds  of  work. 

Self-testing  exercise  8.  State  a general  rule  which  gives  the 
relation  between  the  intensity  of  light  and  the  distance  from  the 
source  of  light. 

Self-testing  exercise  9.  (a)  Which  of  the  three  methods  of 

lighting  just  described  do  you  consider  most  economical  from  a 
financial  standpoint?  From  a hygienic  standpoint?  Give  reasons. 
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(b)  From  your  study  of  Problems  1 and  2 state  under  each  of 
the  following  effects  of  good  lighting  in  a factory  the  reasons  for 
these  effects;  (1)  fewer  accidents,  (2)  better  quality  of  manufactured 
goods,  (3)  greater  order  and  neatness,  (4)  lower  cost  of  manu- 
facture, (5)  better  health  of  the  workmen. 

Problem  3:  How  Is  Light  Controlled  by  the  Use 
OF  Optical  Devices  to  Aid  Vision? 

Study  Suggestion.  In  order  to  solve  this  problem  you  will  need 
to  know  the  meaning  of  vision  and  how  mirrors  and  lenses  may  be 
used  to  aid  in  seeing  objects.  Before  beginning  your  study,  read 
Problem  6 of  Unit  VI  to  review  the  ideas  which  you  learned  there. 

How  do  you  see  objects?  This  problem  you  have  already 
solved  in  part  in  Unit  VI.  Your  broader  knowledge  of  the 
properties  of  light  will  make  it  possible  for  you  now  to  reach 
a fuller  and  clearer  understanding  of  vision.  An  experiment 
will  aid  you  in  gaining  further  facts  about  vision. 

Experiment  121.  How  do  “eyes”  form  images?  (a)  Make  a pin- 
hole camera  using  a pasteboard  box  about  six  inches  by  six  inches 
(Figure  458).  The  back  of  the 
box  should  be  a ground  glass 
plate,  a sheet  of  thin  parchment 
paper,  or  a sheet  of  wet  mimeo- 
graph paper.  In  a dark  room 
allow  the  light  from  a candle 
placed  about  six  inches  in  front 
of  the  box  to  pass  through  the 
pin-hole,  and  observe  the  image 
on  the  back  of  the  “camera.” 

When  the  actual  rays  of  light 
from  an  object  strike  a material  and  form  an  image  of  the  object,  the 
image  is  called  a real  image.  Note  the  size  of  the  image  and  also  that 
the  image  is  inverted  and  not  clearly  defined  in  outline.  Move  the 
“camera”  nearer  to  and  then  farther  away  from  the  flame,  observing 
the  size  of  the  image  as  you  do  so.  What  do  you  conclude  from  the 
experiment? 

(&)  Instead  of  the  pin-hole  camera,  use  a real  camera  (Figure  459), 
covering  the  opening  at  the  back  with  the  same  material  you  used 
in  part  (a).  Open  the  shutter  of  the  camera  and  experiment  as  you 


Fig.  458.  A pin-hole  camera.  Two 
rays  from  a point  on  the  object  are 
not  brought  to  a sharp  focus. 
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did  with  the  pin-hole  camera,  except  that  in  each  position  you  should 
focus  the  camera  by  means  of  the  adjusting  screw,  if  it  is  a bellows- 
type  camera,  until  the  image  is  quite  distinct.  Conclusions? 

The  pupil  of  the  eye  allows  the  light  from  an  object  to 
enter  the  eye.  As  the  rays  of  light  pass  through  the  lens, 
they  are  refracted.  All  of  the  rays  from  one  point  on  the  object 
are  brought  to  a focus  on  one  point  of  the  retina  (Figure  460). 
The  rays  from  every  other  point  on  the  object  are  similarly 


Fig.  459,  A bellows-type  camera.  Two  rays  from  a point  on  the  object 
are  brought  to  a sharp  focus.  Compare  this  with  Figure  458. 


focused  at  a point  on  the  retina,  thus  making  the  real  image 
very  distinct.  This  image  is  inverted.  We  do  not  see  things 
upside  down,  however,  because  the  brain,  which  receives 
the  nerve  impulses  caused  by  the  light  rays  on  the  retina, 
interprets  the  image  as  being  erect  like  the  object  being 
observed.  In  order  that  the  image  be  not  too  faint  and  not 
too  bright,  the  human  eye  regulates  the  amount  of  light 
by  increasing  or  decreasing  the  size  of  the  pupil,  just  as  can 
be  done  with  the  better  cameras  by  adjusting  the  size  of  the 
aperture,  that  is,  the  hole  through  which  the  light  enters. 

Self-testing  exercise  10.  By  referring  to  Figures  183,  458,  459, 
and  460,  explain  (a)  why  the  image  in  the  pin-hole  camera  is  inverted, 
(&)  why  the  image  in  the  real  camera  is  more  distinct  than  that  in 
the  pin-hole  camera,  (c)  why  the  human  eye  is  more  like  a real 
camera  than  like  a pin-hole  camera,  {d)  why  objects  far  away 
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appear  to  be  smaller  than  objects  of  the  same  size  near  the  observer, 
and  (e)  what  the  essential  difference  is  between  a bellows  camera 
and  the  human  eye  in  so  far  as  their  means  of  bringing  an  image 
to  a focus  is  concerned? 

How  are  mirrors  used  to  aid  the  eye?  Mirrors  of  various 
kinds  have  become  a practical  necessity  in  modern  life.  In 
our  homes  and  other  buildings  we  use  them  as  looking-glasses 


Fig.  460.  A natural  camera.  Is  it  more  like  the  pin-hole  camera  or  the 
real  camera? 


and  for  decorative  purposes;  mirrors  on  the  windshield 
frame  or  on  the  fenders  of  the  automobile  allow  us  to  see 
behind  us,  and  those  in  the  headlight  help  us  to  see  clearly 
the  road  ahead ; the  doctor  finds  use  for  a mirror  in  throwing 
light  into  our  throats,  ears,  or  noses  when  he  examines  us; 
in  submarines  the  mirror  makes  it  possible  to  see  above 
the  surface  of  the  water. 

The  simplest  kind  of  mirror  is  the  plane  mirror,  which  is 
nothing  more  than  a plane,  or  flat,  piece  of  glass  covered  at 
the  back  with  silver  or  a plane  polished  piece  of  metal.  In 
Experiment  116,  page  554,  you  learned  how  light  is  reflected 
from  a mirror  of  this  kind.  Another  experiment  will  aid  you  in 
learning  how  images  are  formed  by  a plane  mirror. 

Experiment  122.  What  is  the  nature  of  an  image  in  a plane  mir- 
ror? Look  at  yourself  in  a plane  mirror.  How  does  the  size  of 
the  image  of  your  nose  or  head  compare  with  the  actual  size  of 
nose  or  head?  Is  the  image  erect  or  inverted?  Does  the  image  change 
its  position  as  the  mirror  is  moved  nearer  to  and  farther  away 
from  your  head?  Wink  your  right  eye  and  observe  the  image  to 
see  if  it  is  reversed  from  right  to  left.  Where  does  the  image  appear 
to  be,  in  front  of  or  behind  the  mirror? 
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The  kind  of  image  made  by  a plane  mirror  is  a virtual 
image,  because  no  light  can  pass  through  the  mirror  to  form 
a real  image,  like  those  you  saw  in  Experiment  121.  The 
image  appears  to  be  behind  the  mirror,  but  it  is  not  really 
there.  In  all  plane  mirrors  the  image  is  erect,  reversed  from 
side  to  side,  and  virtual.  A com- 
mon use  of  plane  mirrors  is  found 
in  the  periscope  (Figure  461),  which 
is  so  essential  in  the  operation  of 
the  submarine  boat. 

Mirrors  having  curved  surfaces 
are  also  used  for  many  purposes. 
The  curved  surface  may  be  con- 
vex, that  is,  like  the  outside  sur- 
face of  a sphere  or  of  a cylinder,  or 
it  may  be  concave,  that  is,  like  the 
inside  surface  of  a sphere  or  of  the 
sides  of  a cylinder.  The  images 
formed  by  curved  mirrors  depend 
upon  the  curvature  of  the  mirror 
and  also  upon  the  position  of  the 
object.  You  may  know  that  con- 
vex mirrors  are  used  on  fenders  of 
automobiles  to  give  the  driver  an 
erect  image  of  a larger  area  than  he  could  see  with  a plane 
mirror,  that  large  concave  mirrors  are  sometimes  used  to 
form  enlarged  erect  images  of  the  face,  that  the  dentist  uses 
a concave  mirror  to  enlarge  the  image  in  examining  your 
teeth,  and  that  various-shaped  mirrors  at  amusement  parks 
cause  one  to  appear  much  larger  or  smaller,  or  distorted  into 
various  shapes. 

More  important  in  everyday  life  than  the  formation  of 
images  by  curved  mirrors  are  the  uses  of  the  mirrors  for 
reflecting  light.  Figure  462  shows  how  the  curve  of  the 
reflector  may  be  used  to  change  the  direction  of  the  light 
for  different  purposes. 


Fig.  461.  A periscope  on  a 
submarine.  By  the  use  of 
plane  mirrors  one  can  see 
from  below  the  surface  of  the 
water  or  around  corners. 
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Suggested  Activity,  (a)  Obtain  a convex  mirror  or  use  the 
back  of  a highly  polished,  spherical-shaped  soup  spoo-n  or  ladle. 
Hold  the  mirror  between  yourself  and  the  window  or  the  artificial 
light  in  such  position  that  you  can  plainly  see  yourself.  Note  that 
the  image  of  your  face  is  erect,  smaller  than  your  face,  and  virtual 
(apparently  behind  the  mirror). 

All  convex  mirrors  form  images 
of  this  nature. 

(b)  Obtain  a concave  mirror  or 
use  the  inside  of  the  soup  spoon 
or  ladle.  Look  at  the  image  of 
your  face  in  the  mirror  at  a dis- 
tance of  a foot.  Note  that  the 
image  is  inverted’  and  virtual. 

Move  the  mirror  farther  from  your 
face.  How  does  the  distance  affect 
the  size  of  the  image?  Now  hold 
an  unlighted  match  before  the 
mirror  and  move  it  slowly  toward 
the  center  of  the  mirror,  observing 
carefully.  You  should  see  an  in- 
verted image  growing  larger  and 
larger;  then,  as  the  match  reaches  a certain  position,  no  image  is 
seen;  and,  finally,  when  the  match  is  quite  near  the  mirror,  an 
erect,  real  image  comes  into  view. 

Self-testing  exercise  11.  Answer  the  following  questions:  (a) 
How  is  it  possible  for  you  to  see  yourself  in  a window?  (b)  Why 
is  your  image  less  clear  or  not  seen  in  a window  when  the  other 
side  of  the  window  is  well  lighted?  (c)  Why  does  changing  the 
position  of  the  bulb  in  an  automobile  headlight  change  the  spread 
of  the  light  reflected  to  the  road? 

How  do  lenses  aid  the  eye?  In  Unit  VI  you  found  that 
convex  and  concave  lenses  may  be  used  to  correct  far-sighted- 
ness and  near-sightedness  by  aiding  the  eye  in  bringing  the 
image  of  an  object  to  focus  on  the  retina.  A convex  lens  con- 
verges rays  of  light  passing  through  it,  as  you  may  readily 
show  with  a magnifying  glass.  A lens  of  this  type  would  aid 
a far-sighted  eye,  as  shown  in  Figure  463.  On  the  other  hand, 


Fig.  462.  Light  may  be  diverged 
or  converged  by  using  mirrors  of 
different  shapes. 
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a concave  lens  diverges  rays  of  light  and  would  thus  assist  a 
near-sighted  eye  in  focusing  the  image,  as  shown  in  Figure 
464.  The  amount  of  curvature  of  the  lenses  determines  the 
amount  of  refraction,  that  is,  the  amount  of  converging  or 


Fig.  463.  A far-sighted  eye.  If  the  eyeball  is  too  shallow  or  the  crystal- 
line lens  too  thin,  or  both,  a convex  lens  corrects  the  defect. 

diverging.  Eyeglasses,  then,  are  lenses  so  shaped  that  they 
refract  the  light  from  objects  in  such  a way  that  the  further 
refraction  produced  in  the  lens  of  the  eye  brings  all  rays  of 
light  from  each  point  on  an  object  to  meet  at  one  point  on 
the  retina  of  the  eye.  In  this  way,  with  the  aid  of  the  lenses. 


Fig.  464.  A near-sighted  eye.  If  the  eyeball  is  too  deep  or  the  lens  too 
thick,  or  both,  a concave  lens  corrects  the  defect. 

the  image  that  falls  on  the  retina  will  be  clear  and  distinct, 
just  as  it  is  in  a good  camera. 

In  the  magnifying  lens  you  find  another  use  of  lenses  to 
aid  the  eye,  as  shown  in  Experiment  123. 

Experiment  123.  How  does  a magnifying  lens  work?  (a)  Obtain 
a double  convex  lens  or  an  ordinary  reading  glass.  Hold  the  lens 
in  such  position  that  rays  of  sunlight  strike  it  broadside  and  come 
through  the  lens.  Place  a piece  of  paper  back  of  the  lens  at  the 
distance  where  the  converging  rays  come  to  a point.  The  image 
of  the  sun  is  now  the  point  of  light.  This  point  where  the  parallel 
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rays  from  the  sun  are  brought  to  a focus  is  called  the  principal 
focus  of  the  lens.  Note  the  approximate  distance  between  the  lens 
and  the  principal  focus. 

(&)  Refer  to  Experiment  46,  page  244,  to  recall  how  an  image  of 
a candle  may  be  formed  by  a convex  lens.  Note  from  Figure  183 
that  the  image  of  the  candle  is  behind  the 
principal  focus  where  the  parallel  rays  from 
the  candle  intersect. 

(c)  Draw  an  arrow  about  one-half  inch  long 
on  a sheet  of  paper.  Hold  the  magnifying 
lens  above  this  arrow,  so  that  the  arrow  is  be- 
tween the  lens  and  its  principal  focus.  Ob- 
serve the  image  of  the  arrow.  Is  it  real  or 
virtual?  Erect  or  inverted?  Larger  or  smaller 
than  the  arrow?  Move  the  lens  nearer  to  and 
farther  away  from  the  page.  What  effect  has 
the  position  of  the  lens  on  the  image? 

From  Figure  465  you  may  observe  how 
the  lens  magnifies  the  arrow  by  forming 
an  image  which  you  see  when  you  look 
through  the  reading  glass.  Note  that 
the  light  appears  to  come  from  the  en- 
larged image,  and  that  this  makes  the 
object  look  larger. 

In  the  compound  microscope  of  sim- 
ple construction  two  double  convex  lenses 
are  used  (Figure  466).  The  light  re- 
flected from  a concave  mirror  illuminates  the  object  which 
is  placed  below  the  lower  lens.  This  lens  forms  an  image  of 
the  object.  This  image  is  real  and  enlarged.  Another  lens 
placed  above  the  real  image  acts  exactly  like  the  lens  of  the 
reading  glass  used  in  Experiment  123  and  forms  a virtual, 
enlarged  image  of  the  real  image.  Thus  the  image  which  the 
eye,  above  the  second  lens,  sees  is  many  times  as  large  as 
the  object  being  examined.  The  lenses  are  placed  in  tubes 
to  hold  them  in  the  proper  positions  and  also  to  make  it 
possible  for  the  images  to  be  seen  distinctly  by  shutting  out 


Fig.  465.  A magnify- 
ing lens.  Light  rays 
from  the  ends  of  ob- 
ject (a)  seem  to  come 
to  the  eye  at  a much 
greater  angle  than 
they  would  if  the  lens 
were  not  between  the 
eye  and  the  object. 
The  object  therefore 
appears  as  large  as 
the  image  (&). 
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the  light  from  the  sides.  Modern  compound  microscopes 
have  many  improvements  over  the  simple  compound  micro- 
scope described,  but  the  principle  upon 
which  they  work  is  that  of  image  forma- 
tion by  convex  lenses.  If  you  have  an 
opportunity  to  examine  small  objects 
with  a microscope,  do  so,  but  be  careful 
not  to  injure  the  delicate  and  carefully 
ground  lenses. 

Other  optical  instruments  used  to  aid 
the  eye  include  refracting  and  reflecting 
telescopes,  opera  glasses,  field  glasses, 
stereoscopes,  projectoscopes  or  moving- 
picture  projectors,  spectroscopes,  etc.  All 
of  these  make  use  of  lenses  and  mirrors 
to  produce  images.  Later,  in  a course  in 
physics,  you  may  investigate  these  various 
devices. 

Suggested  Activity.  If  lenses  of  different 
shapes  are  available,  experiment  with  them  to 
learn  how  they  produce  images. 

Self-testing  exercise  12.  Write  a paragraph 
of  not  more  than  200  words  in  which  you 
summarize  the  big  ideas  concerning  “How 
Mirrors  and  Lenses  Aid  the  Human  Eye.” 

Problem  4:  How  Is  Light  Used  to  Make  Pictures? 

Study  Suggestion.  In  this  problem  you  will  learn  how  ordinary 
photographs  and  how  “moving  pictures”  are  made.  It  is  not  pos- 
sible for  you  to  understand  these  processes  completely  until  you 
have  studied  chemistry  and  physics,  but  you  can  come  to  know  the 
important  steps  in  each  process. 

How  is  an  ordinary  photograph  made?  In  making  the  film 
for  photographing,  the  manufacturer  first  makes  a thin  strip 
of  transparent  celluloid.  This  strip  is  then  coated  with  a 
very  thin  layer  of  gelatine,  which  contains  a finely  divided. 


(Q-) 


Fig.  466.  A com- 
pound microscope. 
The  object  (a)  forms 
an  enlarged,  real  im- 
age {b) , which  is  again 
enlarged  into  a vir- 
tual image  (c). 
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cream-colored  solid,  called  silver  bromide.  The  gelatine 
hardens  on  the  celluloid  strip,  and  the  result  is  the  photographic 
film.  Photographic  plates  are  nothing  more  than  pieces  of 
clear  glass  coated  with  gelatine  and  the  silver  compound.  The 
process  of  coating  the  celluloid  or  glass  must  be  done  in  a 
dark  place,  because,  as  you  will  see  in  an  experiment,  light 
affects  the  silver  compounds. 

Experiment  124.  How  does  light  affect  silver  compounds?  (a) 

Make  a solution  of  a few  crystals  of  potassium  bromide  in  ten  cc. 
of  water.  To  this  add  a few  cubic  centimetres  of  a solution  of  silver 
nitrate.  Note  the  creamy  appearance  of  the  solid  formed  when  the 
two  solutions  are  mixed.  This  creamy  substance  is  silver  bromide. 
Pour  the  liquid  through  a filter  paper  or  cloth  and  catch  the  silver 
bromide.  Expose  it  to  the  direct  sunlight  for  a few  minutes  and 
observe  what  happens. 

(b)  Repeat  (a),  using  potassium  chloride  or  ordinary  salt  (sodium 
chloride).  Expose  the  silver  chloride  formed  to  the  sunlight.  What 
change  in  color  occurs? 

In  the  second  step  the  film  or  plate  is  placed  in  the  camera, 
and  the  camera  is  placed  in  position  and  adjusted  so  that  the 
light  from  the  object  will  form  a distinct  image  on  the  film  or 
plate.  When  the  camera  is  opened,  the  aperture  of  the 
camera  is  made  large  or  small  depending  upon  the  intensity 
of  the  light,  and  then  the  “eye”  of  the  camera  is  opened  by 
means  of  the  shutter  for  the  correct  period  of  time,  by  press- 
ing on  a bulb  or  small  metal  projection.  During  the  short 
interval  of  time  that  the  inverted  image  of  the  object  falls 
on  the  film  or  plate  (from  l/ 1000  of  a second  to  some  minutes, 
depending  upon  the  light  conditions),  the  light  acts  on  the 
silver  compound  in  the  gelatine  covering.  Where  the  image  is 
bright,  there  will  be  considerable  change;  where  the  image 
is  dark,  because  little  or  no  light  comes  from  the  object 
through  the  lens  to  the  film,  there  will  be  little  or  no  change 
in  the  silver  compound. 

If  the  film  is  taken  from  the  camera  in  a dark  room,  one 
cannot  tell  by  observation  where  the  light  acted  on  the 
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silver  compound;  that  is,  the  film  is  not  discolored,  nor  can 
the  image  of  the  object  be  seen.  Chemists  tell  us,  however, 
that  the  gelatine  makes  the  silver  compound  much  more  sen- 
sitive to  light  than  it  is  when  there  is  no  gelatine,  as  it  was  in 
our  experiment,  and  that  the  change  will  become  noticeable 

when  solutions  of  certain 
other  chemicals  are  placed  on 
the  exposed  film,  as  happens 
in  the  next  step. 

The  third  step  in  the  proc- 
ess is  called  developing  the 
film.  At  this  stage  the  film 
or  plate  is  removed  from  the 
camera  in  a dark  room  and 
placed  in  a solution  of  one  of 
several  chemicals.  The  silver 
compound  which  was  affected 
by  the  light  now  undergoes 
a further  chemical  change. 
Where  the  light  of  the  image 
was  bright,  much  of  the  com- 
pound now  changes  to  silver, 
which,  in  the  fine  state  of 
division,  appears  black.  At  other  places  the  change  is  less 
according  to  the  amount  of  light  in  the  various  parts  of  the 
image.  Slowly  we  see  a negative  of  the  picture  develop  in  the 
solution,  called  the  developer.  It  is  known  as  a negative  be- 
cause the  bright  spots  of  the  object  photographed  appear 
black  and  the  dark  spots  of  the  object  are  light  (Figure  467). 
When  the  developing  has  gone  far  enough,  the  film  or  plate 
is  placed  in  another  solution,  called  the  fixing  solution,  which 
acts  on  the  silver  bromide  left  on  the  film  or  plate  in  such 
a way  as  to  make  it  non-sensitive  to  further  action  by  light. 

The  fourth  step  involves  the  use  of  the  negative  to  make  a 
positive.  In  this  step,  usually  called  printing,  the  fixed  nega- 
tive, which  has  been  washed  by  immersing  it  in  water  many 
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times  and  then  dried,  is  placed  on  top  of  a paper,  film,  or 
plate  (the  print)  bearing  a coating  that  contains  a silver 
compound  much  like  the  coating  on  the  original  film  or  plate. 
Light  is  then  allowed  to  strike  the  negative.  Where  the  nega- 
tive is  dark,  little  light  will  pass  through  it  to  affect  the 
“print”;  where  the  negative 
is  light,  the  silver  compound 
in  the  “print”  will  be  greatly 
changed.  After  proper  expo- 
sure to  the  light,  the  “print” 
is  developed  and  fixed  just  as 
the  negative  was.  The  real 
print,  therefore,  will  be  the 
reverse  of  the  negative,  or  a 
positive  (Figure  468),  and  the 
lights  of  the  positive  will  cor- 
respond to  those  of  the  object 
which  was  photographed. 

How  are  motion  pictures 
made?  The  film  of  the  mo- 
tion picture  is  made  in  prac- 
tically the  same  way  as  the 
ordinary  film.  It  is,  however, 
a ribbon,  usually  several  hundred  feet  in  length,  and  either 
sixteen  millimetres  (about  two-thirds  inch)  or  thirty-five 
millimetres  (about  one  and  three-eighths  inches)  wide. 

In  exposing  the  film  we  find  a great  difference  between 
ordinary  (still)  photography  and  motion  pictures,  although, 
as  we  shall  see,  the  motion  pictures  do  not  move.  The  motion- 
picture  camera  is  constructed  in  such  a way  that,  as  the 
camera  man  turns  a crank  or  as  a spring  moves  the  internal 
parts,  the  shutter  opens  and  closes  at  the  rate  of  sixteen  times 
each  second.  At  the  same  time  the  film  is  drawn  past  the 
inside  of  the  lens  in  a jerky  way,  leaving  it  at  rest  when  the 
shutter  is  open  and  moving  it  along  an  inch  while  the  shutter 
is  closed.  Thus  the  camera  takes  sixteen  pictures  each  second, 
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each  picture  being  three-fourths  inch  high  and  one  inch  wide 
for  the  thirty-five  millimetre  film.  The  films,  when  developed 
and  fixed  as  ordinary  plates  or  films  are,  appear  as  shown 
in  Figure  467.  The  positive  film  is  then  made  from  the 
negative  film,  and  appears  as  in  Figure  469. 

How  are  motion  pictures  projected?  The 
finished  positive  film  is  placed  in  a projec- 
tor. This  is  somewhat  like  a projection 
lantern  used  to  show  lantern  slides.  There 
are  several  essential  differences,  however. 
The  positive  film  is  drawn  along  in  front 
of  a powerful  arc  light  or  electric  bulb  at 
such  a rate  that  sixteen  separate  pictures 
appear  on  the  screen  each  second,  each 
remaining  still  for  about  one  thirty-second 
of  a second.  A shutter  in  front  of  the  pro- 
jector is  opened  and  closed  at  a rapid  rate. 
While  it  is  open,  one  picture  appears  on 
the  screen;  while  it  is  closed,  the  screen  is 
dark,  and  another  picture  is  jerked  into 
place  by  the  projector.  Then  the  shutter 
opens.  Another  picture  is  seen.  And  so  on, 
goes  the  opening  and  closing  of  the  shutter 
and  the  lighting  and  darkening  of  the  screen. 

Why  then  do  the  pictures  appear  to 
move?  Here  you  need  to  know  one  fact 
about  the  human  eye,  and  you  can  then  answer  the  question. 
If  you  will  twirl  a bright  object  in  a circle  at  the  end  of  a 
string,  you  will  observe  that  it  appears  to  be  at  all  parts  of  the 
circle.  This  is  because  the  effect  of  the  image  of  the  object  at 
any  point  on  the  path  remains  on  the  retina  of  the  eye  for 
a very  brief  interval  of  time.  It  is  this  “persistence  of  vision,’^ 
that  is,  the  fact  that  we  continue  to  see  an  object  after  its 
real  image  has  left  the  eye,  which  explains  why  one  stationary 
picture  after  another  coming  to  the  eye  in  rapid  succession 
appear  to  us  to  blend  together  and  produce  the  effect  of  motion. 


Fig.  469. 
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Suggested  Activity.  Obtain  from  a store  or  by  writing  to  a 
manufacturer  descriptive  information  on  the  construction  and 
operation  of  a motion-picture  projector.  Prepare  a report  on  its 
operation. 

Self-testing  exercise  13.  Review  Problem  4 briefly  and  state  the 
scientific  ideas  met  in  the  problem  which  you  consider  most  im- 
portant in  understanding  how  light  is  used  to  make  picture  records 
of  things  and  happenings. 

Summary  exercise  on  Unit  XV.  Make  a list  of  the  important 
principles,  or  big  ideas,  of  science  that  you  have  learned  from  your 
study  of  this  unit. 

Additional  Exercises 

1.  If  an  ammeter  is  available,  connect  it  in  line  with  three  or 
four  electric  lamps  connected  in  parallel.  By  screwing  out  one  lamp 
at  a time  determine  the  current  which  flows  through  different 
numbers  of  lamps.  If  the  voltage  of  the  circuit  is  known,  you  can 
determine  the  resistance  of  the  lamps. 

2.  Make  a plan  of  an  acetylene-gas  lighting  plant  for  a country 
home  where  electricity  is  not  available.  Write  a manufacturer  of 
such  plants  for  descriptive  material. 

3.  Make  a drawing  to  show  why  frosted  bulbs  give  a softer 
light  than  bulbs  made  of  plain  glass.  Explain  your  drawing. 

4.  Write  to  the  manufacturer  of  a gasoline  lamp  or  kerosene 
lamp,  asking  for  drawings  and  descriptive  material  which  explain 
the  operation  of  the  lamp.  Outline  your  knowledge  gained  by 
examining  the  material  you  receive,  and  be  ready  to  present  it  to  the 
class. 

5.  Many  one-story  factories  get  their  light  from  skylights  which 
face  the  north.  Explain  the  reasons  for  such  construction. 

6.  Smoked  glass  is  often  used  to  observe  the  sun  during  an 
eclipse.  How  does  such  glass  protect  the  eye? 

7.  School  buildings  are  usually  planned  so  that  the  light  will 
enter  the  rooms  from  the  students’  left.  Why? 

8.  Why  are  walls  of  rooms  painted  in  such  a way  as  to  leave  a 
rough  surface  rather  than  a perfectly  smooth  surface? 

9.  Collect  booklets  describing  various  kinds  of  cameras  and 
prepare  a talk  to  be  given  to  your  class  on  the  subject  “Cameras  of 
Different  Kinds — How  They  Work.” 
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10.  Place  some  water  in  a jar.  Stand  a long  pencil  in  the  water 
at  an  angle  and  notice  that  the  pencil  appears  to  be  bent.  Explain. 
Hold  the  pencil  in  a vertical  position.  Does  it  appear  bent?  Explain. 

11.  Look  up  in  a textbook  of  physics  or  in  an  encyclopedia  the 
topic  of  opera  glasses.  With  the  aid  of  drawings  explain  how  the 
glasses  work. 

12.  Visit  a factory  where  gas  mantles  are  made,  or  write  to  the 
manufacturer  of  mantles,  and  obtain  information  on  how  the  man- 
tles are  made  and  what  materials  are  used.  You  may  find  the 
information  in  a textbook  of  chemistry. 

13.  Make  a plan  for  lighting  a living-room,  showing  the  position 
and  kinds  of  lights  needed  for  such  activities  as  are  usually  per- 
formed in  a living-room. 


UNIT  XVI 


HOW  DOES  MAN  USE  ENERGY  FOR 
COMMUNICATION? 

Preliminary  Exercises 

1.  How  many  ways  of  sending  messages  do  you  know? 

2.  In  your  list  for  Exercise  1 place  a check  mark  opposite  each 
way  which  depends  on  the  human  voice. 

3.  Mention  the  more  important  uses  of  each  of  the  means  of 
communication  you  named  in  Exercise  1. 

4.  Which  method  of  communication  do  you  consider  the  most 
important  to  the  world  in  general?  Why? 

5.  What  is  sound? 

6.  What  are  sympathetic  vibrations?  How  are  sympathetic 
vibrations  used  in  radio  communication? 

7.  Make  a diagram  of  a simple  telegraph  circuit,  showing  all 
the  essential  parts. 

8.  What  is  a code  message?  Why  must  a code  be  used  in  teleg- 
raphy? 

9.  Does  sound  travel  along  telephone  wires?  Explain. 

10.  What  is  inside  a telephone  receiver?  How  does  a telephone 
receiver  make  it  possible  for  you  to  hear  words? 

11.  What  are  radio  waves?  How  are  they  produced? 

12.  What  advantages  can  you  see  in  a perfected  method  of  tele- 
vision? 

13.  Make  a list  of  the  difficulties  encountered  by  a person  who 
can  use  neither  his  eyes  nor  his  ears  for  communicating  with  others. 

The  Story  of  Unit  XVI 

Effective  communication  of  ideas  from  one  person  to 
another  is  one  of  the  essentials  of  modern  civilization.  If 
a child  could  not  receive  by  communication  the  knowledge 
which  his  parents  and  other  older  persons  have  gained,  he 
would  be  as  ignorant  as  the  most  primitive  savage.  In  fact, 
all  higher  animals  would  be  better  equipped  for  life  than  he. 
He  would  have  no  language,  no  knowledge  of  history  or 
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science,  no  way  of  learning  save  by  his  own  experience. 
Without  means  of  communication  he  could  not  get  others  to 
do  his  wishes  nor  to  act  with  him  for  the  common  good. 

Thus  the  progress  of  civiliza- 
tion has  depended  on  the  de- 
velopment of  effective  means 
of  communication. 

It  must  have  been  early  in 
his  family  life  that  man  sought 
some  means  of  expression. 
Probably  the  first  methods  of 
communication  with  family 
and  neighbors  were  expressions 
of  the  face  or  noises  which 
showed  fear,  surprise,  anger, 
or  other  emotions.  Later  he 
came  to  use  his  hands  and  head 
to  make  signs  which  carried 
meaning  to  his  companions. 
Pointing  or  beckoning  with 
the  hand  was,  perhaps,  one 
of  the  earliest  ways  of  giving 
crude  directions  and  of  con- 
veying thought. 

Through  the  many  centu- 
ries there  gradually  developed 
various  other  methods  of  com- 
munication. Man  learned  to 
use  his  voice.  This  resulted 
in  a spoken  language,  which 
was  in  its  early  stages  prob- 
ably little  more  than  grunts.  During  the  same  time  crude 
methods  of  picture-writing  and  of  making  symbols  for  ideas 
led  to  a written  language  (Figure  470).  In  time,  speaking  and 
writing,  as  we  know  them,  became  man’s  means  of  commu- 
nication. Thousands  of  years  later  printing  was  invented 
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Fig.  470.  The  development  of  our 
alphabet.  Note  in  the  column  at  the 
left  how  the  letters  had  their  begin- 
nings as  signs  representing  certain 
everyday  objects.  (From  The  Story 
of  the  Alphabet,  © Norman  T.  A. 
Munder  and  Co.  Used  by  per- 
mission.) 
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(Figure  471).  After  some  centuries  of  improvement  in  print- 
ing, we  have  today  complicated  typesetting  machines  and 
great  printing  presses  for  preparing  books,  magazines,  and 
newspapers  in  an  efficient  way. 

Since  a very  early  time  man  has  sought  ways  of  sending 
messages  over  long  distances  with  greater  and  greater  rapid- 
ity. Messengers  and  writ- 
ten messages  have  been 
sent  with  increasing  speed 
as  the  runner  and  pony  ex- 
press have  given  way  to 
the  railroad  and  airplane. 

Very  early,  however,  it  was 
observed  that  certain  forms 
of  energy,  such  as  sound 
and  light,  travelled  more 
rapidly  than  man  could 
hope  to  transport  his  mes- 
sages. Thus,  some  savage 
tribes  developed  drums 
powerful  enough  to  send 
sound  from  village  to  vil- 
lage ; others  invented  smoke 
and  light  signals  which 
could  be  passed  from  hilltop  to  hilltop.  By  these  means  man 
began  to  transmit  his  messages. 

When  electric  currents  and  ways  of  producing  them  were 
discovered,  thinking  men  saw  in  this  form  of  energy  a new 
and  more  satisfactory  way  of  transmitting  messages.  As  a 
result,  on  May  24,  1844,  and  March  10,  1876,  two  historic 
messages  were  sent  by  electricity.  The  first  was  the  message 
by  telegraph  from  Washington  to  Baltimore,  “What  hath 
God  wrought?”  Samuel  F.  B.  Morse  had  proved  to  the 
world  the  success  of  telegraphic  communication  over  a dis- 
tance of  forty  miles.  The  second  was  the  telephonic  message 
sent  by  Alexander  Graham  Bell  to  his  assistant,  Thomas 


Fig.  471.  An  early  printing  press. 
About  the  year  1450  Johannes  Guten- 
berg molded  metal  type  from  wood-cut 
letters  and  thus  invented  the  method  of 
printing  from  movable  metal  types. 
This  was  one  of  the  most  important 
inventions  the  world  has  ever  known. 
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Watson,  “Mr.  Watson,  please  come  here;  I want  you.” 
About  the  time  the  telephone  was  invented,  Heinrich  Hertz 
discovered  radio  waves,  sometimes  called  Hertzian  waves,  in 
the  space  around  certain  kinds  of  electrical  apparatus.  Some 
twenty  years  later,  in  1896,  Guglielmo  Marconi  used  these 


Fig.  472.  Samuel  F.  B.  Morse  and 
his  telegraph.  This  small  in- 
strument operated  by  the  electric 
current  from  the  sending  station 
made  a record  of  the  message  on 
paper  tape  as  it  passed  through 
the  recorder. 


Fig.  473.  Alexander  Graham  Bell 
opening  the  first  long-distance  tele- 
phone line,  which  was  constructed  be- 
tween New  York  and  Chicago.  This 
event  took  place  in  October,  1892, 
seventeen  years  after  Mr.  Bell  invented 
the  telephone. 


waves  to  send  a message  over  a distance  of  two  miles  without 
wires.  Morse,  Bell,  and  Marconi  all  made  use  of  the  previous 
discoveries  of  many  scientists,  but  they  added  new  ideas  and 
devices  which  gave  us  three  of  the  greatest  inventions  of  the 
nineteenth  century. 

In  1927  the  scientists  of  the  Bell  Telephone  Laboratories 
gave  a public  demonstration  of  television,  in  which  pictures 
of  a person  before  the  transmitting  instrument  in  Washington 
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appeared  at  the  same  instant  in  the  receiving  instrument  in 
New  York.  Just  as  in  the  case  of  the  other  methods  of  trans- 
mitting messages,  these  men  merely  made  an  extension  of 
the  methods  already  in  use.  They  used  light  to  operate  the 
instruments  which  transmitted  the  messages  instead  of 
sound  which  operates  the  telephone  and  radio.  The  result  is 
a wonderful  addition 
to  our  methods  of 
communication. 

You  can  see,  then, 
that  there  has  been 
a gradual  develop- 
ment in  the  use  of 
energy  for  transmit- 
ting  messages. 

Man’s  own  body 
contains  the  sending 
and  receiving  instru- 
ments for  sound  and 
the  receiving  instru- 
ments  for  light. 

These  two  forms  of  energy  were  therefore  used  first.  In  mod- 
ern communication,  messages  which  start  out  as  sound,  light, 
or  movements  of  the  body  are  changed  into  electric  current 
or  into  radio  waves  and  transmitted  to  points  many,  many 
miles  away,  where  they  are  changed  back  into  the  forms 
which  our  ears  and  eyes  can  receive. 

You  are  now  aware  of  the  different  means  of  communica- 
tion and  of  their  importance  in  modern  life,  but  can  you 
answer  questions  like  these?  What  is  sound?  How  fast  does 
sound  travel?  How  do  we  hear?  How  is  the  “talk”  for  talk- 
ing pictures  produced?  How  does  a radio  pick  up  music 
from  a broadcasting  station?  How  is  it  possible  to  sit  in  your 
own  home  and  see  the  person  in  a radio  broadcasting  station  ? 
These  are  a few  of  the  questions  for  which  you  will  work  out 
answers  in  this  unit. 
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Problem  1:  How  Does  Sound  Carry  Messages? 

Study  Suggestion.  Several  different  ways  of  transmitting  mes- 
sages will  be  studied  in  this  unit,  but  the  use  of  sound  is  the  only 
truly  natural  one.  Because  each  person  carries  in  his  own  body  the 
sending  and  receiving  instruments  for  sound,  many  of 
the  artificial  ways  of  transmitting  messages  make  use 
of  sound  for  short  distances  at  one  or  both  ends  of  the 
journey.  It  is  extremely  important,  therefore,  that  you 
understand  sound  as  a means  of  transmitting  messages 
before  you  go  on  to  study  the  use  of  other  forms  of  en- 
ergy for  that  purpose. 

How  is  sound  produced?  By  means  of  a simple 
experiment,  we  can  discover  for  ourselves  how 
sounds  are  ordinarily  produced. 

Experiment  125.  How  do  tuning  forks  and  tightly 
stretched  strings  produce  sound?  (a)  Strike  a tuning 
fork  with  a hammer  made  from  a round  stick  and  a rubber  stopper. 
Hold  the  tuning  fork  near  your  ear.  Now  look  at  it  closely  and 
observe  that  the  prongs  look  hazy  because  they  are  vibrating,  that 
is,  moving  backward  and  forward  so  rapidly.  Strike  it  again  and 
lower  it  into  a glass  of  water  until  it  touches  the  water  (Figure  475.) 
What  happens? 

(&)  Stretch  a short  wire  tightly  (Figure  476).  Pick  or  snap  the 
wire  at  one  end.  Does  the  vibrating  wire  produce  sound?  Can  you 
see  the  wire  vibrate  after  picking  it? 

Add  more  weights  to  the  free  end  of 
the  wire  and  pick  it  again.  Result? 

As  you  can  easily  verify  by  ex- 
perience, the  most  common  sounds 
are  caused  by  some  disturbance  of 
the  air.  The  bursting  of  a tire,  the 
passage  of  an  electric  spark,  and 
the  rapid  movement  of  a bullet  all  cause  sounds  by  disturbing 
the  air.  Musical  instruments  have  strings,  reeds,  or  columns 
of  air  which  are  set  in  vibration  by  the  players  in  order  to 
produce  sound.  The  principal  sounds  used  in  speaking  are 


Fig.  476.  Experiment  125  (5). 
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produced  in  the  voice  box,  or  larynx  (commonly  known  as 
the  “Adam’s  apple”).  This  structure  is  located  at  the  top 
of  the  windpipe  and  has  two  cords  of  strong  tissue,  the 
vocal  cords,  at  the  sides.  The  position  and  tightness  of  the 
vocal  cords  are  controlled  by  a number  of  small  muscles. 
When  a person  speaks,  the  vocal  cords  are  tightened  and 
drawn  closer  together  to  form  a narrow  slit,  as  shown  at  the 
right  in  Figure  477.  As  the 
air  from  the  lungs  is  forced 
up  through  the  slit,  the  cords 
vibrate  and  cause  sound. 

Other  sounds  used  in  speak- 
ing are  produced  by  the  lips 
and  teeth  as  the  air  passes 
through  the  mouth. 

How  does  sound  travel? 

Careful  experiments  by  scientists  have  led  them  to  believe 
that  sound  travels  as  a series  of  waves  in  the  air  and  other 
materials.  A simple  experiment  will  help  you  to  visualize 
what  goes  on  when  sound  travels  in  materials. 


ORDINARY  SPEAKING 

breathing 

Fig.  477.  The  letter  C indicates  the 
vocal  cords. 


Experiment  126.  How  do  waves  travel  in  a coil  of  wire?  Fasten 
a coiled  spring,  taken  from  the  roller  of  a window  blind,  and  attach 
a small  weight,  as  shown  in  Figure  478.  Press  together  several  of 
the  coils  at  the  lower  end  and  quickly  release  the  coil.  Observe 
what  happens.  Refer  to  Figure  478  for  help  in  your  observation. 


The  experiment  makes  clear  that  waves  may  travel  longi- 
tudinally through  materials.  In  Experiment  126,  the  coils 
of  the  spring  at  the  lower  end  were  compressed.  When  these 
coils  were  released,  the  compressed  section  transmitted  its 
energy  to  the  adjacent  section,  causing  it  to  become  com- 
pressed. This  section  in  turn  transmitted  the  compression  to 
the  next  section,  so  that  the  compression  travelled  through 
the  coil  to  the  other  end.  As  the  compression  wave  travels 
on,  the  coils  through  which  the  compression  has  just  passed 
spread  out  and  become  farther  apart.  It  is  in  a manner 
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similar  to  this  that  sound  travels  through  air.  The  molecules 
are  pushed  closer  together  during  one  part  of  the  vibration. 

This  is  called  condensation.  This  condensation 
travels  out  through  the  air.  The  molecules  spread 
out  as  the  condensation  passes.  This  is  known 
as  rarefaction.  This  wave  of  alternate  condensa- 
tion and  rarefaction  travels  out  through  the  air 
in  the  same  way  as  was  noted  in  the  spring. 

In  the  open  air  the  sound  waves  from  a vibrat- 
ing object  tend  to  move  outward  in  all  directions 
in  the  form  of  hollow  spheres.  Since  the  spheres 
constantly  increase  in  size  as  the  waves  move 
outward,  the  waves  grow  weaker,  and  the  sound 
becomes  fainter  and  fainter.  When  we  wish  the 
messages  carried  by  the  waves  to  travel  as  far 
as  possible,  we  confine  and  direct  them,  with 
the  aid  of  megaphones  and  speaking  tubes,  so 
that  they  cannot  spread  out  in  all  directions. 

Sounds  are  able  to  travel  through  solids  and 
liquids  as  well  as  through  gases  like  the  air. 

Experiment  127.  Do  sound  waves  travel  well 
through  wood?  Find  a long  board  or  table  and  have 
some  one  scratch  one  end  or  tap  it  gently  while  you 
listen  with  your  ear  close  against  the  other  end.  Can 
you  hear  the  sound  coming  through  the  wood?  Now 
remove  your  ear  from  the  wood  and  listen  in  the  air 
while  the  scratching  or  tapping  continues.  Do  the 
sound  waves  travel  better  in  the  wood  or  in  the  air? 

Suggested  Activities.  1.  Find  a little-used  rail- 
road sidetrack  or  a long  steel  beam  and  repeat  Ex- 
periment 127  to  find  how  well  sound  travels  through 
steel. 

2.  Repeat  Experiment  127  in  a swimming  pool  by  having  one 
person  tap  two  stones  or  two  pieces  of  metal  together,  first  in  the 
water  while  another  person  listens  with  his  head  under  water,  and 
then  in  the  air  while  the  second  person  listens  in  the  air.  Does  the 
sound  seem  to  travel  better  in  water  or  in  air? 


Fig.  478. 
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In  reality,  sound  is  able  to  travel  much  more  rapidly  and 
easily  through  some  liquids  and  solids  than  through  air. 
Indians  are  said  to  have  sent  sound  messages  long  distances 
by  pounding  on  the  ground  while  the  listener  held  his  ear  close 
against  the  surface.  In 
air  at  ordinary  tempera- 
ture sound  travels  about 
1100  feet  per  second,  but 
in  water  its  velocity  is  about 
5000  feet  per  second,  in 
wood,  more  than  10,000 
feet  per  second,  and  in  steel 
more  than  16,000  feet  per 
second.  However,  there  are 
other  materials,  like  cloth, 
felt,  cork,  and  different 
kinds  of  manufactured  fibre 
board,  which  are  known  as 
sound  insulators  because  it 
is  only  with  difficulty  that 
sound  waves  are  able  to 


Fig.  479.  Comparison  of  the  real 
nature  of  sound  waves  with  water 
waves  and  with  a diagram  of  sound 
waves.  Note  the  meaning  of  the  term 
“wave  length.” 


make  their  way  through  them. 

In  the  open  air  sound  waves  move  straight  outward  in  all 
directions  from  their  source.  Thus  we  are  usually  able  to  tell 
the  direction  of  the  source  by  listening  to  the  sound.  How- 
ever, in  going  through  openings  and  past  obstructions,  and 
in  passing  through  layers  of  air  of  different  densities,  sound 
waves  can  change  their  direction.  They  can  also  be  reflected 
as  echoes  from  certain  kinds  of  surfaces.  Thus,  there  are 
times  when  sounds  seem  to  come  from  some  other  direction 
than  that  of  their  true  origin. 

How  do  we  hear  sounds?  Because  sound  is  a form  of  en- 
ergy carried  along  by  vibrating  particles,  it  is  able  to  cause 
motion  in  bodies  which  it  strikes. 


Experiment  128.  Can  sound  waves  cause  a body  to  vibrate? 

(a)  Strike  one  tuning  fork  on  the  edge  of  a table  and  quickly  hold 
it  near  another  tuning  fork  of  the  same  pitch.  Bring  the  second 
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tuning  fork  to  your  ear;  you  find  that  it  is  now  vibrating.  The 
vibrations  of  the  first  fork  set  up  air  vibrations  which  in  turn  caused 
the  second  fork  to  vibrate.  (You  can  do  the  same  experiment  by 
using  two  stretched  wires  having  the  same  pitch.) 

(b)  Open  a piano  and  hold  down  the  loud  pedal.  Sing  a loud  and 
prolonged  syllable  “O”  into  the  piano.  Stop  singing  and  listen. 

What  do  you  hear?  Repeat,  but  with  a 
note  of  a different  pitch.  What  are 
the  results? 

Each  object  tends  to  vibrate  a 
little  when  struck  by  sound  waves 
of  any  frequency,  but  it  responds 
much  more  vigorously  when  it  is  in 
exact  tune  with  a sound.  Thus, 
when  you  sang  into  the  piano,  the 
strings  which  were  tuned  to  the  note 
you  were  singing  were  set  in  sym- 
pathetic vibration  by  the  sound  waves 
from  your  vocal  cords. 

You  can  readily  see  that  each 
different  kind  of  vibration  will  send 
out  different  kinds  of  sound  waves. 
A table  vibrates  and  sends  out  sound 
waves  when  tapped  with  a pencil, 
but  the  sound  ceases  almost  in- 
stantly because  the  table  does  not 
continue  to  vibrate.  Other  objects, 
such  as  the  wire  used  in  Experiment 
125,  vibrate  for  a much  longer  time 
and  send  out  regular  waves  which 
produce  a pleasing  sensation  when 
they  reach  our  ears.  Noises  are 
produced  by  irregular  vibrations,  and  musical  sounds,  or  tones, 
are  produced  by  regular  vibrations.  Study  Figure  481,  which 
shows  the  difference  between  sound  waves  which  produce 
what  we  call  noise  and  those  which  produce  musical  sound. 


Fig.  480.  Photographs  of  a 
sound  wave  produced  by  an 
electric  spark.  Photograph 
A shows  the  wave  just  leaving 
the  terminal.  B shows  it 
.00014  second  later.  C shows 
the  wave  .0002  second  after 
it  started.  (Courtesy  Dr.  A. 

L.  Foley.) 
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B.  Musical  Sound. 


When  the  string  used  in  Experiment  125  was  tightened, 
it  vibrated  more  rapidly  than  at  first,  and  the  sound  had  a 
higher  pitch  because  of  the  greater  frequency  of  vibration, 
that  is,  the  greater  number  of  vibrations  per  second.  Plucked 
at  different  points  along  its  /\  a « a a. 

length,  the  string  gives  out 
sounds  which  are  also  dif- 
ferent in  quality,  even 
though  the  pitch  remains 
the  same.  This  is  due  to 
the  fact  that  the  string 
does  not  vibrate  in  just 
the  same  way  when  it  is 
plucked  or  struck  at  differ- 
ent points,  and  the  shapes 
of  the  waves  are  different 
when  they  are  represented 
as  in  Figure  481. 

Sounds  may  also  differ  in 
loudness,  or  intensity,  be- 
cause of  differences  in  the 
violence  of  the  air  waves. 

That  is,  when  a sound  is  very  loud,  the  molecules  of  air  move 
back  and  forth  more  energetically  than  when  the  sound  is  soft. 
It  is  because  of  these  differences  in  the  regularity,  frequency, 
shape,  and  energy  of  the  waves  that  we  are  able  to  distin- 
guish between  the  sound  of  the  wind  in  the  trees,  of  foot- 
steps in  the  hall,  and  of  all  the  different  words  we  hear.  In 
speaking  we  are  able  to  produce  sounds  which  differ  in  these 
ways,  because  we  are  able  to  change  the  tightness  of  the  vocal 
cords,  the  amount  of  air  which  passes  through  the  larynx,  the 
shape  of  the  throat  and  mouth,  and  the  positions  of  the  tongue 
and  teeth. 

It  is  believed  that  we  are  able  to  detect  and  distinguish 
sounds  with  our  ears  because  of  the  sympathetic  vibration 
of  certain  structures  in  a part  of  the  inner  ear  called  the 
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C.  Greater  Loudness  than  B. 


D.  Loiver  Pitch  than  B. 
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£.  Different  Quality. 


Fig.  481.  Diagrammatic  representations 
of  differences  in  sound  waves. 
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“snail  shell,”  or  cochlea.  The  cochlea  (Figure  482)  is  filled 
with  a fluid  and  has  stretched  along  its  coil  a narrow  mem- 
brane made  up  of  a great  many  crosswise  strands.  These 
strands  are  like  piano  strings  in  that  they  are  longer,  heavier, 
and  looser  at  one  end  of  the  membrane  than  at  the  other. 

Soundwaves,  from  a 
vibrating  tuning 
fork,  for  instance, 
pass  down  the  canal 
of  the  outer  ear  to 
the  ear  drum, 
and  are  transmitted 
through  the  tiny 
bones  of  the  middle 
ear,  to  the  liquid  of 
the  inner  ear.  The 
particular  strands  of 
the  membrane  in  the 
cochlea  which  are  in 
tune  with  the  sound 
waves  are  set  in 
sympathetic  vibra- 
tion. This  disturbs  the  nerve  fibres  connected  with  that  part 
of  the  membrane,  and  a message  of  the  pitch  and  intensity  of 
the  sound  is  sent  to  the  brain.  Sounds  of  different  pitch  dis- 
turb different  parts  of  the  membrane  and  different  nerve  fibres. 
Thus  we  recognize  the  difference  between  them. 

How  are  sounds  recorded  and  reproduced?  We  have  already 
seen  that  objects  tend  to  vibrate  when  sound  waves  strike 
them.  This  is  especially  true  of  thin  sheets  of  material  called 
diaphragms,  which  are  supported  only  at  their  edges.  In 
order  to  make  records  of  sound  to  be  reproduced  in  a phono- 
graph, a very  carefully  made  diaphragm  is  arranged  to  receive 
the  full  force  of  the  sound  waves.  A sharp  needle,  or  stylus, 
is  pivoted  near  the  centre  and  has  one  end  connected  to  the 
middle  of  the  diaphragm,  while  the  other  end  rests  on  a 


Fig.  482.  Internal  structure  of  the  ear. 
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rotating  wax  plate.  The  sound  which  is  being  recorded 
causes  the  diaphragm  to  vibrate  and  thus  to  set  the  needle  to 
moving  back  and  forth.  As  it  does  so,  it  traces  a wavy  groove 
on  the  wax  plate.  The  groove  thus  becomes  a record  of  the 
sound  waves  which  struck  the  dia- 
phragm. All  that  is  necessary  to  repro- 
duce the  waves  is  to  place  the  stylus 
in  the  groove  and  rotate  the  plate 
as  at  first  (Figure  483).  The  stylus 
must  follow  the  groove.  As  it  does 
this,  the  diaphragm  must  vibrate  in  the 
same  way  as  before.  The  vibrations 
produce  sound  waves  almost  exactly 
like  the  ones  which  made  the  groove, 
except  that  they  are  less  intense. 

In  some  records  the  waves  in  the 
groove  are  cut  from  side  to  side,  and 
in  others  the  movement  of  the  stylus 
is  up  and  down  so  that  the  groove  is 
deeper  at  some  places  than  at  others. 

The  latter  kind  are  known  as  “hill 
and  dale”  records. 

Suggested  Activity.  If  you 
have  a phonograph  in  which  the 
needle  moves  from  side  to  side,  set 
a record  rotating  and  hold  the  edge 
of  your  thumb  nail  in  the  groove. 
Do  you  hear  a faint  reproduction 
of  the  record?  Fasten  a large  sewing 
needle  in  a sheet  of  heavy  writing 
paper,  allowing  the  point  to  project 
a little  beyond  the  edge.  Now  set 
the  point  of  the  needle  in  the  groove. 
Do  you  get  better  results  than  with 
your  thumb  nail?  Why  are  the  re- 
sults not  as  good  as  with  the  phon- 
ograph reproducer? 


Fig.  484.  Grooves  in  a phono- 
graph record  as  they  appear 
under  a microscope.  (Bell  Tele- 
phone Laboratories,  Inc.) 
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Electrical  recording  of  sound  has  been  highly  perfected  in 
connection  with  sound  pictures,  and  is  now  more  commonly 
used  than  the  mechanical  system.  In 
the  electrical  method  the  sound 
waves  strike  a microphone  and  cause 
variations  in  an  electric  current,  as 
we  shall  learn  in  the  study  of  the 
telephone  (Problem  2).  In  one  sys- 
tem, this  varying  current  of  electric- 
ity is  magnified  and  sent  through 
an  electromagnet  to  move  a stylus 
which  cuts  a groove  in  a wax  disk. 
By  reversing  the  process  the  record 
can  be  used  to  operate  a loud  speak- 
er electrically. 

By  another  plan  the  varying  cur- 
rent of  electricity  from  the  micro- 
phone is  used  to  open  and  close  a 
slit  through  which  light  shines  on  a 
strip  of  photographic  film.  When 
the  film  is  developed,  the  density  of  the  exposed  part  varies, 
as  shown  in  Figure  485.  To  reproduce 
the  sound  as  the  film  moves  through  the 
moving-picture  projector,  a beam  of  light 
is  sent  through  the  sound  record  (the 
film)  and  into  a photo-electric  cell  (Figure 
486).  The  photo-electric  cell  sends  out 
a varying  current  of  electricity  which, 
when  properly  magnified,  operates  the 
loud  speakers  behind  the  moving-picture 
screen.  Thus  the  sounds  seem  to  come 
from  the  pictures  on  the  screen. 


Fig.  485.  The  amount  of 
light  that  can  shine  through 
this  photographic  film  var- 
ies with  the  light  and  dark 
streaks.  (Bell  Telephone 
Laboratories,  Inc.) 


Self-testing  exercise  1.  (a)  Make  a list  of 
the  advantages  which  sound  has  in  compari- 
son with  other  ways  of  transmitting  messages. 

(&)  Similarly,  list  the  disadvantages  of 
sound  as  a means  of  communication. 


Fig.  486.  A photo- 
electric cell.  (Cour- 
tesy Bell  Telephone 
Laboratories,  Inc.) 
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Self-testing  exercise  2.  Tell  briefly  the  story  of  a sound  mes- 
sage sent  by  one  person  to  another,  beginning  with  the  produc- 
tion of  sound  in  the  larynx  of  one  person  and  ending  with  the  sensa- 
tion of  sound  in  the  brain  of  the  other. 


Problem  2:  How  Do  Electric  Currents  Carry 
Messages? 


Study  Suggestion.  Each  method  of  using  electric  current  to 
transmit  messages  has  four  essential  features:  First,  there  must 


be  a source  of  electric  current, 
ond,  some  path  must  be  provided 
for  the  current  to  flow  from  one 
place  to  another  and  return. 
Third,  some  device  must  cause 
the  current  to  stop  and  start  or 
to  vary  in  amount  so  that  the 
message  may  be  translated  into 
pulsations  of  electricity.  Fourth, 
there  must  be  some  device  to 
change  the  electric  pulsations 
back  into  messages  which  the 
person  at  the  receiving  end  of 
the  line  can  understand.  As  you 
study  each  of  the  methods  of 
communication,  try  to  find  out 
just  how  each  one  of  the  four  es- 
sentials is  provided. 


such  as  a cell  or  dynamo.  Sec- 


Fig.  487.  A simple  telegraph.  The 
sounder  is  wired  from  one  binding 
post  through  the  coils  of  the  electro- 
magnet to  the  other  binding  post. 


How  are  messages  sent  by  telegraph?  Since  the  invention 
of  Morse’s  early  telegraph,  many  improvements  have  been 
made.  So  many  devices  have  been  added  to  increase  the  speed 
of  sending  messages,  the  number  of  messages  which  may  be 
sent  at  once,  and  the  general  efficiency  of  the  instruments 
that  the  modern  telegraph  is  a quite  complicated  means  of 
communication.  The  simple  telegraph,  however,  is  quite 
easily  understood.  Let  us  see  how  it  works. 


Experiment  129.  How  is  a simple  telegraph  instrument  set  up 
and  operated?  (a)  Connect  a cell,  a sending-key,  and  a sounder  as 
in  Figure  487,  using  two  wires  to  complete  the  circuit.  When  you 
have  the  proper  connections,  read  the  paragraph  following  this 


602 


EVERYDAY  PROBLEMS  IN  SCIENCE 


Fig.  488.  A one-wire  system.  If  the  ground  is  very  dry,  pour  a pail  of 
water  on  each  place  where  the  nails  are  pushed  into  the  soil.  Moist  soil 
is  a much  better  conductor  than  dry  soil. 


experiment,  examine  Table  18,  and  send  the  following  message 
in  code:  “Attention!  this  is  a double- wire  system.’’ 

(&)  Take  the  cell,  wire,  key,  sounder,  and  two  long  nails  out- 
doors. Set  up  the  telegraph,  using  only  one  wire  between  the 
sounder  and  key.  Use  the  earth  to  complete  the  circuit  by  sticking 
the  nails  in  the  earth  as  in  Figure  488.  Send  by  code:  “The  earth  is 
a conductor  of  electricity.  This  is  a one-wire  system.’’ 

(Note.  If  you  do  not  have  a commercial  key  and  sounder,  make 
an  instrument  as  shown  in  Figure  489.  The  sounder  should  have 
many  more  turns  of  wire  than  are  shown  in  the  diagram.) 

In  simple  telegraphic  communication  the  operator  now 
takes  the  message  from  the  click  of  the  sounder.  When  the 

key  switch  is  open  and  the 
key  is  pressed  down,  the  cur- 
rent from  the  battery  comes 
to  one  binding  post  of  the 
key,  flows  through  the  metal 
frame  to  the  contact  points, 
and  then  to  the  other  bind- 
ing post  and  through  the 
wire  to  the  binding  post  of 
the  sounder.  From  here  it 
goes  around  the  coil  of  the 
horseshoe  electromagnet  and 
back  to  the  other  binding 
post,  and  then  returns  to  the  cell.  As  the  electric  current 
passes  through  the  coil,  the  iron  core  becomes  magnetized 


Fig.  489.  A homemade  telegraph.  The 
key  is  a strip  of  brass  or  iron  to  which 
a cork  is  fastened.  The  sounder  is  a 
bent  strip  of  soft  iron.  There  should  be 
many  turns  of  wire  around  the  nail. 
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and  draws  the  heavy  iron  bar,  or  armature,  downward  un- 
til it  strikes  the  metal  frame,  producing  a click.  When  the 
current  is  broken  at  the  key  by  allowing  the  lever  to  rise. 


TABLE  18.  Telegraph  Codes 


American 
Morse  Code 

International 
Morse  or 
Continental 
Wireless 
Code 

American 
Morse  Code 

International 
Morse  or 
Continental 
Wireless 
Code 

A 

s 

B 

T 

C 

• • • 

mam  • mb  • 

u 

BB  ^m 

BB^B 

D 

V 

E 

• 

• 

w. . . . 

1 1 

: 1 
» B 

B mm  warn 

F 

X 

G 

Y 

mm  BB  BM 

H 

Z 

•••• 

• ••• 

BBB  B 

IM  MB  BB 

I 

• • 

• • 

1 

B mm  mm  b 

J 

K 

■■■  • • 

• MB  HM 

• mm 

2 

T, 

BB  Ml  BB 

BB  IM  IM  MB 

L 

• ^ •• 

4 

BBB  IM  B 

BBB  MB  Hi 

M 

N 

— 

5 

A 

BBBB  ^m 

BBBB  MB 

BBBBB 

O 

P 

^ * 

" • 

O 

BM  BBBB 

• • 

7  

8  

MB  BM  BB 

IM  BM  BBB 

Q 

iM  BBBB 

^ ^ ^m  BB 

• • mmm 

Ml  1^  • BM 

9 

BM  BB  Ml 

R 

• •• 

B BM  B 

0 

Period. 

Comma 

B MB  B 

the  electromagnet  of  the  sounder  loses  its  magnetism,  and 
a spring  on  the  sounder  forces  the  armature  away  from  the 
magnet.  As  it  moves  upward,  it  strikes  the  screw  above  and 
produces  a faint  click.  The  time  between  the  downward 
click  and  the  upward  click  is  made  short  or  long  by  the  person 
pressing  the  key.  If  the  interval  is  short,  it  is  called  a dot;  if 
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long,  it  is  called  a dash.  These  dots  and  dashes  are  sent  in 
various  combinations  to  represent  letters,  numbers,  and  even 
entire  words  or  ideas  (Table  18).  Such  combinations  are 
known  as  code,  and  they  make  up  code  messages. 

The  telegraph  system  between  two  stations  requires  a key 
and  a sounder  in  each  station.  The  arrangement  for  short 
distances  is  shown  in  Figure  490.  A cell,  or  battery  of  cells. 


Fig.  490.  A telegraph  system.  The  parts  are  represented  by  symbols. 
Compare  the  symbols  with  the  instruments  in  Figures  487  and  488. 


furnishes  the  electric  current.  The  switches  on  the  keys 
are  kept  closed.  When  an  operator  at  Station  A wishes  to 
send  a message  to  B,  he  opens  his  key  switch,  sends  the  call 
signal  to  B,  and  then  closes  his  key  switch.  Station  B then 
opens  his  switch,  signals  A to  send  the  message,  and  closes 
his  switch  to  receive  A’s  message. 

Self-testing  exercise  3.  Explain  why  the  switches  must  be 
opened  and  closed  as  described  in  the  preceding  paragraph. 

Experiment  130.  How  is  a telegraph  line  between  two  stations 
set  up  and  operated?  With  two  cells,  two  keys,  two  sounders,  and 
the  necessary  wire,  set  up  a telegraph  system  between  two  rooms 
or  between  two  houses.  You  can  use  two  wires,  or  one  wire  and 
the  ground,  to  complete  the  circuit.  Attaching  the  ground  wire  to  a 
gas  pipe  or  water  pipe  will  serve  as  a ground  or  earth  connection. 
Send  a call  and  answer  as  described  above,  and  then  send  a message. 

For  long-distance  communication  the  simple  set  described 
above  will  not  work.  The  resistance  of  the  long  wire  to  the 
flow  of  the  electric  current  is  so  great  that  a few  cells  cannot 
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send  enough  current  to  operate  the  sounder.  To  overcome 
this  difficulty,  a relay  is  used  in  each  station,  and  the  con- 
nections are  made  as  in  Figure  491.  The  relay  has  an  electro- 


Station  A StationB 


Fig.  491.  A long-distance  telegraph  system.  There  are  three  electric 
circuits  in  such  a system.  One  is  the  line  circuit  composed  of  the  batteries, 
keys,  coils  of  the  relays,  line  between  stations,  and  the  earth.  The  other 
two  are  the  local  circuits  in  the  telegraph  stations,  each  composed  of  the 
battery,  the  sounder,  the  relay  armature,  and  the  necessary  wire. 


magnet  made  with  many  turns  of  wire,  and  a very  light-weight 
armature,  which  is  easily  moved.  The  slightest  current  will, 
therefore,  cause  enough  magnetism  to  pull  the  armature 
down.  The  local  circuit  includes  a battery,  a sounder,  and 
the  relay  armature.  When  the  relay  armature  is  pulled 
down,  the  local  dr- 

Contact  ° 

Armature  Sprin?-^  ^ToLine 


Screw  for 
Adjustind- 
Spring  ^ 


cuit,  operated  by  a 
cell,  is  closed.  The 
relay  therefore 
serves  to  make  and 
break  the  local  cir- 
cuit which  operates 
the  sounder.  You 
can  see  how  the 
arrangement  works  by  examining  Figure  491.  In  the  figure 
the  operator  at  Station  A is  ready  to  send  a message  to  Sta- 
tion B.  How  can  you  tell  that  this  is  true? 


Fig.  492.  A telegraph  relay. 
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Telegraph  stations  which  handle  relatively  few  messages 
are  still  equipped  with  instruments  of  the  type  described 
above.  The  stations  of  commercial  telegraph  companies 
which  handle  large  numbers  of  messages  now  use  much  more 
complicated  instruments.  The  operator  sending  a message 
punches  holes  in  a paper  tape  by  striking  keys  like  those  on 
a typewriter.  Combinations  of  holes  in  five 
different  rows  make  up  the  code.  As  the  paper 
tape  with  the  holes  in  it  passes  through  a sec- 
ond machine,  electrical  contacts  through  the 
holes  send  impulses  out  over  the  wires  in  a 
way  which  is  too  complicated  to  explain  here. 
Other  machines,  called  teletypewriters,  in  the 
stations  which  receive  the  impulses,  automati- 
cally type  out  the  letters  of  the  message  on  a 
sheet  of  paper  or  on  a paper  tape. 

Suggested  Activity.  Visit  your  local  telegraph 
office  and  ask  to  see  the  instruments  in  operation. 

How  do  electric  currents  operate  bells  and 
buzzers?  The  simplest  bell  is  a single-stroke 
bell  (Figure  493).  When  the  circuit  is  closed  by  pressing  the 
push-button,  the  current  flows  through  the  electromagnet, 
which  immediately  draws  the  armature  to  the  magnet,  caus- 
ing the  clapper  attached  to  the  armature  to  strike  the  bell. 
The  armature  remains  in  contact  with  the  core  of  the  magnet 
as  long  as  the  push-button  closes  the  circuit.  The  spring  of 
the  clapper  is  so  arranged  that  the  clapper  does  not  remain 
in  contact  with  the  bell  and  thus  deaden  the  sound  by  stop- 
ping the  vibrations  of  the  bell. 

The  common  doorbell  is  so  arranged  that  the  clapper 
strikes  the  bell  several  times  a second  when  one  presses  the 
button  to  ring  the  bell.  Figure  494  shows  how  the  electric 
current  is  able  to  operate  such  a bell.  When  the  circuit  is 
closed  by  the  push-button,  the  current  flows  through  the 
coil  and  magnetizes  the  electromagnet.  The  armature  is 
drawn  over,  and  the  clapper  strikes  the  bell.  As  the  armature 


To  Push-  To 
Button  Battery 

Fig.  493. 
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moves  toward  the  electromagnet,  the  contact  points  sep- 
arate, and  the  circuit  is  broken.  The  electromagnet  there- 
fore loses  magnetism,  and  the  armature  spring  forces  the  arma- 
ture back  to  its  original  position.  This  closes  the  circuit  again, 
and  the  operation  is  repeated.  The  rapid  closing  and  open- 
ing of  the  circuit  cause  the  clapper 
to  vibrate  as  long  as  the  push- 
button is  held  down.  The  electric 
buzzer  is  like  the  doorbell  except 
that  it  has  no  bell. 

Buzzers  and  bells  save  many 
steps,  for  by  merely  pressing  a push- 
button one  may  call  for  service  or 
announce  one’s  presence.  By  means 
of  a pre-arranged  code  of  taps  or 
of  long  and  short  signals  simple 
messages  may  be  transmitted  from 
one  place  to  another.  One  push- 
button may  be  used  to  ring  several 
bells,  or  a single  bell  may  be  rung  by 
any  one  of  a number  of  push-but- 
tons in  different  parts  of  a building. 

Thus  these  devices  can  be  used  for 
communication  in  many  ways. 

Suggested  Activities.  1.  Connect  a cell,  push-button,  and  ordi- 
nary doorbell  as  in  Figure  494,  and  trace  the  current  through  the 
circuit,  starting  at  the  negative  pole  of  the  battery  and  going  through 
the  push-button  and  bell  and  back  to  the  positive  pole  of  the  battery. 
(The  metal  of  the  base  of  the  bell  is  a conductor.) 

2.  Examine  your  doorbell  at  home  to  see  if  it  is  like  the  one 
described.  If  it  is  not,  how  does  your  bell  work? 

3.  By  diagrams  show  how  one  push-button  can  ring  two  bells  and 
how  one  bell  can  be  rung  by  either  of  two  push-buttons. 

How  do  telephones  transmit  speech?  The  simplest  form 
of  telephone  is  shown  in  Figure  495.  The  transmitter,  into 
which  one  speaks,  is  connected  to  a cell  and  a receiver.  When 
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- X 

Transmitter 

Fig.  495,  A simple  telephone.  The  sound  waves 
cause  changes  in  the  electric  current. 


someone  speaks  into  the  transmitter,  the  sound  waves  cause 
the  electric  current  which  flows  through  it  to  increase  and 
decrease  in  strength.  This  changing  current  flowing  through 

the  receiver  causes 
it  to  set  up  sound 
waves  in  the  air 
around  the  receiv- 
er almost  exactly 
like  the  waves  pro- 
duced by  the  voice 
of  the  speaker. 
The  waves  from  the  receiver  then  strike  the  listener’s  ear.  Thus, 
by  means  of  electrical  energy,  the  sound  waves  produced  by  the 
speaker  are  transmitted  again  into  sound  waves  for  the  hearer. 

Now  that  you  understand  the  purpose  of  the  transmitter 
and  receiver,  let  us  see  how  they  work.  The  transmitter  is 
constructed  as  shown  in  Figure  496.  The  current  from  the 
battery  flows  to  the  metal  disk  or  diaphragm,  then  through 
the  polished  carbon  disk  attached  to  it,  through  the  carbon 
particles  in  the  little  box,  to  the  polished  carbon  back  of  the 
box,  and  out  to  the  receiver.  When  someone  speaks  into 
the  mouthpiece  of  the  transmitter,  the  sound  waves  of  the 
voice  cause  the  dia- 
phragm to  vibrate 
just  as  the  piano 
strings  in  Experi- 
ment 128  were  set 
in  vibration  by  the 
voice.  The  dia- 
phragm is  carefully 
made  so  that  it 
will  vibrate  accord- 


Diaphraqm  Oise 
arbon 
’articles 


Fig.  496.  The  telephone  transmitter  and  its 
construction. 


ing  to  the  pitch  and  quality  of  the  sound.  As  the  diaphragm 
vibrates,  it  changes  the  pressure  on  the  tiny  carbon  particles 
in  the  box  behind  it.  When  the  particles  are  pressed  close 
together,  more  current  is  able  to  flow  through  them:  when 
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they  are  released,  less  current  can  flow.  Thus  the  sound 
waves  striking  the  diaphragm  cause  pulsations,  or  increases 
and  decreases,  in  the  current  flowing  through  the  trans- 
mitter. 

A telephone  receiver  usually  consists  of  a permanent  horse- 
shoe magnet  with  coils  of  insulated  wire  about  each  pole,  a 
thin  iron  diaphragm  just  far 
enough  from  the  magnet  so 
that  it  cannot  touch  the  poles, 
and  a hard  rubber  case.  As 
the  pulsating  current  from  the 
transmitter  passes  through 
the  coils  of  the  receiver,  the 
attraction  of  the  combined 
permanent  and  electro-mag- 
net for  the  iron  diaphragm 
changes.  The  diaphragm 
therefore  moves  back  and 
forth,  as  did  the  diaphragm 
of  the  transmitter.  These  vibrations  of  the  receiver  dia- 
phragm produce  air  waves  which  are  like  those  striking  the 
transmitter,  except  that  they  are  usually  somewhat  weaker. 
Thus  the  words  of  the  speaker  are  reproduced  by  the  telephone 
receiver. 

Figure  498  shows  the  necessary  parts  and  connections  for 
two  telephone  instruments  which  are  some  distance  from 
each  other.  At  each  station  there  is  a battery,  a transmitter, 
an  induction  coil  or  transformer , and  a receiver.  Note  that 
the  transmitter,  battery,  and  primary  coil  make  up  one 
circuit  at  each  station,  and  that  the  receivers  and  the  second- 
ary coils  are  all  on  a circuit  separate  from  the  transmitter 
circuits.  When  sound  waves  strike  either  transmitter,  they 
cause  corresponding  pulsations  in  the  current  through  the 
primary  coil  of  that  transmitter  circuit.  The  primary  coil 
therefore  rapidly  changes  in  its  magnetic  power.  As  the 
magnetism  increases,  lines  of  magnetic  force  move  outward 
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Fig.  497.  Why  is  the  diaphragm 
disc  of  the  receiver  made  of  soft 
iron? 
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across  the  wires  of  the  secondary  coil  and  cause  a current  to 
flow  in  one  direction  through  them,  just  as  a current  is 
induced  in  the  coils  of  a generator  armature  when  it  crosses 
lines  of  force  (Unit  XIV).  As  the  magnetism  of  the  primary 
coil  decreases,  the  lines  of  force  move  inward  across  the  wires 
of  the  secondary  coil  and  cause  a current  in  the  opposite 
direction.  Because  there  are  more  turns  of  wire  in  the  second- 
ary coil  than  in  the 
primary,  the  volt- 
age in  the  second- 
ary circuit  is  high- 
er. This  higher 
voltage  makes  it 
possible  to  send 
the  electric  current 
through  the  long 
wires  to  the  dis- 
tant receiver.  The 
alternating  current  first  causes  the  electromagnet  to  work  with 
the  permanent  magnet  in  the  receiver,  and  then  to  work  against 
it.  When  the  magnetism  is  increased,  the  diaphragm  is  pulled 
closer  to  the  magnet;  when  the  magnetism  is  weakened,  the 
diaphragm  returns  to  its  original  position.  Thus  the  diaphragm 
vibrates  and  reproduces  the  sounds  which  are  striking  the  dis- 
tant transmitter. 

When  telephone  messages  are  sent  over  very  long  dis- 
tances, the  impulses  become  too  weak  to  operate  the  receiver. 
When  the  impulses  are  strengthened,  they  are  said  to  be 
amplified  or  repeated.  Different  ways  of  repeating  the  mes- 
sages have  been  used,  but  the  best  device  now  known  for 
this  purpose  is  the  vacuum  tube,  about  which  you  will  learn 
in  Problem  3.  These  tubes  are  grouped  in  repeater  stations 
at  intervals  in  the  long-distance  telephone  lines. 

A telephone  connected  to  a modern  central  station  and 
switchboard  is  much  like  the  telephone  which  has  just  been 
described,  but  a single  battery  or  dynamo  in  the  central 
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Fig.  498.  A station  telephone  system.  The  lines 
between  stations  pass  through  the  central  tele- 
phone exchange.  In  actual  construction  the 
primary  coil  is  inside  the  secondary  coil  of  the 
transformer. 
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station  supplies  the  current  to  operate  all  the  instruments 
connected  to  it.  Many  additional  devices  are  used  to  ring 
the  bells,  signal  the  operators,  and  contribute  in  other  ways 
to  the  marvellous  service  which  the  modern  telephone  pro- 
vides. In  some  cities,  and  in  the  private  telephone  systems 
of  many  buildings,  you 
may  now  record  the 
number  of  the  party 
whom  you  wish  to  call 
by  turning  a dial  on 
the  telephone  instru- 
ment. Machines  at 
the  central  stations 
then  connect  you  with 
the  party  without  hu- 
man attention.  They 
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Growth  in  number  of  telephones 
in  Canada. 


even  give  you  the  “busy”  signal  if  the  other  phone  is  in  use. 

In  rural  sections  the  wires  are  generally  suspended  from  poles. 
In  cities,  where  there  are  so  many  more  wires  needed,  hundreds 
of  thousands  of  wires  are  insulated  with  paper  coverings  and 
packed  together  in  lead-covered  cables.  These  cables  are  run 
through  underground  conduits. 


Suggested  Activities.  1.  Visit  your  telephone  exchange  and 
ask  the  manager  or  an  attendant  to  explain  the  working  of  the 
exchange. 

2.  Examine  a telephone  transmitter  in  the  laboratory  or  class- 
room. Look  first  for  the  diaphragm  by  unscrewing  the  mouthpiece. 
If  the  teacher  says  that  you  may  do  so,  take  the  transmitter  to 
pieces  to  find  the  carbon  box  and  carbon  granules  inside. 

3.  Unscrew  the  case  of  a telephone  receiver  in  the  laboratory  and 
examine  the  different  parts. 

Self-testing  exercise  4.  Many  people  believe  that  sound  travels 
along  the  wires  while  one  is  using  a telephone.  Explain  why  this 
idea  is  incorrect. 

Self-testing  exercise  5.  Explain  briefly  how  the  four  essential 
features  mentioned  in  the  study  suggestion  of  this  problem  are 
provided  (a)  in  the  telegraph  and  (b)  in  the  telephone. 
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Problem  3:  How  Are  Messages  Transmitted 
BY  Means  of  Radio  Waves? 

Study  Suggestion.  The  radio  telephone,  popularly  known  as 
the  radio,  has  come  to  fill  such  a large  place  in  the  world  that  every 
educated  person  should  understand  the  more  important  principles 
used  in  sending  and  receiving  radio  messages.  The  apparatus  now  in 
common  use  is  so  intricate  that  one  can  hardly  hope  to  under- 
stand all  of  its  details  without  months  or  years  of  special  study. 
In  this  problem,  therefore,  you  will  become  familiar  with  the  gen- 
eral principles  of  radio  communication  and  not  with  all  the  details 
of  sending  and  receiving  instruments.  If  you  are  interested,  you  can 
find  further  information  in  more  specialized  books. 

How  are  radio  waves  produced?  Since  the  time  when 
Marconi  first  sent  a message  without  wires,  many  improve- 
ments have  been  made  on  the  radio  sending  and  receiving 
devices.  To  understand  how  radio  waves  are  produced  at 
the  present  time,  you  should  recall  from  Unit  XIV  that 
scientists  believe  that  any  wire  or  conductor  contains  millions 
upon  millions  of  small  particles  of  electricity  which  they  call 
electrons.  When  the  two  ends  of  a wire  are  attached  to  the 
poles  of  a cell  or  generator,  these  electrons  are  set  in  motion 
to  produce  what  is  called  a current  of  electricity.  In  an 
alternating  current,  of  course,  the  electrons  move  first  in  one 
direction  and  then  in  the  other.  Scientists  have  discovered 
that  currents  of  electricity  which  alternate,  or  oscillate,  with 
extreme  rapidity  send  out  radio  waves  in  the  surrounding 
space  in  much  the  same  way  that  a vibrating  body  sends 
sound  waves  out  through  the  surrounding  matter.  The 
currents  producing  these  waves  are  called  high-frequency 
alternating  currents,  or  simply  high-frequency  currents. 

The  first  high-frequency  currents  and  the  first  radio  waves 
studied  were  produced  by  having  sparks  leap  across  a gap  in 
a circuit.  Each  spark  which  leaps  a gap  in  a circuit  is,  in 
reality,  part  of  an  extremely  high-frequency  current.  Thus, 
at  each  spark  a short  series  of  radio  waves  is  sent  out  from 
the  circuit  at  the  same  time  that  the  spark  disturbs  the 
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air  and  starts  a short  series  of  sound  waves.  However,  the 
radio  waves  will  have  gone  from  Montreal  to  Halifax  before 
the  sound  waves  have  reached  the  ceiling  of  the  room. 

When  properly  connected  to  an  aerial  and  to  the  ground, 
induction  coils  producing  a series  of  sparks  are  capable  of 
sending  out  quite 
powerful  radio  waves. 

Waves  of  this  kind 
serve  very  well  for 
transmitting  the  dots 
and  dashes  or  long  and 
short  buzzes  of  wire- 
less telegraphy.  How- 
ever, because  the  se- 
ries of  waves  which 
they  produce  is  not 
continuous  and  even, 
spark  coils  are  not 
used  for  transmitting 
radio  telephone  mes- 
sages. High-frequency 
currents  which  are  satisfactory  for  this  purpose  can  be  pro- 
duced in  special  forms  of  alternating  current  generators,  but 
the  most  satisfactory  sources  of  oscillations  are  vacuum  tubes. 
Later  we  shall  learn  how  vacuum  tubes  amplify  variations  or 
oscillations  of  electric  current,  but  how  they  produce  high-fre- 
quency currents  is  too  complicated  to  study  here. 

It  is  known  that  radio  waves  are  able  to  pass  through 
the  empty  space  in  a vacuum  and  through  the  space  between 
the  molecules  of  air  and  of  solid  matter  without  disturbing 
the  molecules.  They  travel  at  the  speed  of  light  which,  as 
you  remember,  is  about  186,000  miles  per  second.  The  fre- 
quency of  the  waves  used  for  transmitting  radio  messages 
ranges  from  10,000  to  400,000,000  vibrations  or  cycles  per 
second  (10  to  400,000  kilocycles,  a kilocycle  being  1000  cycles 
or  vibrations) ; that  is,  while  a transmitting  station  is  sending 
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Fig.  500.  A buzzer  sending  set.  If  an 
induction  coil  is  available,  examine  it  to  see 
how  it  works. 
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out  messages,  from  10,000  to  400,000,000  waves  start  out 
through  space  each  second.  At  these  frequencies  the  wave 
lengths  are  from  about  nineteen  miles  down  to  less  than 
thirty  inches  (30,000  metres  to  ,748  metres).  By  comparing 
radio  waves  with  sound  waves  you  can  see  that  these  two 
forms  of  energy  are  really  quite  dif- 
ferent. 

Scientists  have  good  reason  for  be- 
lieving that  radio  waves  are  electro- 
magnetic waves  of  the  same  nature 
as  light,  radiant  heat,  ultra-violet 
rays.  X-rays,  and  cosmic  rays.  They 
differ  from  these  other  forms  of  ra- 
diant energy  only  in  having  much 
greater  wave  lengths.  Our  bodies 
are  provided  with  eyes  sensitive  to 
light  waves,  and  radiant  heat  can 
be  felt  when  it  strikes  one’s  body 
and  changes  to  heat,  but  we  have  no 
organs  which  are  affected  by  other 
kinds  of  electro-magnetic  waves. 
Although  the  space  about  us  is  filled 
with  radio  waves,  we  are  unaware  of  their  presence  unless 
we  have  special  instruments  for  detecting  them. 

How  are  radio  messages  sent?  The  modern  radio  transmit- 
ting station  uses  a microphone,  vacuum  tubes  for  amplification, 
modulation,  and  oscillation,  induction  coils  or  transformers, 
condensers,  batteries  and  generators,  and  an  aerial.  The 
aerial  usually  consists  of  a number  of  wires  stretched  high 
above  the  earth,  from  which  the  radio  waves  start  on  their 
journey  through  space.  Transformers  are  used  to  change 
pulsations  of  direct  current  in  one  circuit  to  oscillations  in 
another  circuit  (Problem  2),  for  changing  the  voltage  of 
oscillations,  and  for  transferring  oscillations  from  one  circuit 
to  another  without  direct  connections  of  wires. 

Condensers  serve  as  storage  places  for  electrons,  and  they. 
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Fig.  501.  The  lower  figure 
(B)  shows  one  type  of 
variable  condenser. 
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like  induction  coils,  are  able  to  transfer  oscillations  from  one 
circuit  or  part  of  a circuit  to  another  without  direct  con- 
nection of  the  wires.  The  larger  the  surface  of  the  condenser 
plates  the  more  electrons  they  are  capable  of  storing  under 
a given  electrical  pressure.  To  make  possible  a large  amount 
of  plate  surface,  condensers  are  usually  made  as  shown 
diagrammatically  in  Figure  501.  Some  condensers,  known 
as  variable  condensers,  have  one  set  of  plates 
which  can  be  turned  in  or  out  of  the  spaces  be- 
tween the  other  set.  Changes  in  both  condensers 
and  induction  coils  affect  the  rate  at  which  the 
electrons  in  an  electric  circuit  will  naturally  oscil- 
late. Thus,  both ‘devices  are  useful  in  adjusting 
the  frequency  and  wave  length  of  the  radio 
waves. 

The  vacuum  tubes  used  in  radio  communica- 
tion are  among  the  most  marvellous  and  useful 
electrical  devices  ever  invented.  When  properly 
connected  with  sources  of  current,  induction 
coils,  and  condensers  they  are  capable  of  produc- 
ing high-frequency  alternating  current  from  di- 
rect current,  of  varying  the  intensity  of  high-frequency  oscil- 
lations in  accordance  with  telephone  currents,  of  changing 
alternating  current  to  direct  current,  of  varying  direct  current 
in  accordance  with  the  intensity  of  high-frequency  oscillations, 
and  of  producing  a very  great  amplification  of  any  current 
variations  which  are  sent  to  them. 

The  use  of  vacuum  tubes  for  the  amplification  of  current 
waves  from  a radio  microphone  illustrates  some  of  the  im- 
portant characteristics  of  these  tubes.  The  three-electrode 
tube  used  for  amplification  is  a glass  bulb  from  which  prac- 
tically all  the  air  has  been  removed.  In  the  centre  of  the  tube 
is  a small  wire  or  filament  much  like  the  filament  of  certain 
electric  lights.  Surrounding  the  filament,  or  at  one  side  of  it, 
is  the  metal  plate.  Between  the  filament  and  the  plate  is  a 
, coil  or  a network  of  fine  wire,  the  grid  (Figure  502). 
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The  first  vacuum  tubes  invented  contained  only  the  fila- 
ment and  the  plate.  When  the  filament  was  heated  white-hot 
and  the  plate  was  given  a positive  charge  of  electricity,  a 
very  large  number  of  electrons  would  “evaporate”  from 
the  hot  filament  and  be  attracted  to  the  plate.  Thus  an 

electric  current 
would  cross  the 
gap.  This  kind  of 
tube  is  still  used  to 
rectify  an  alternat- 
ing current,  that 
is,  to  change  it  to 
a direct  current, 
because  electrons 
can  pass  through 
it  in  only  one  direc- 
tion. 

Some  time  after 
the  invention  of 
the  two-electrode 
tube,  it  was  discov- 
ered that  the  flow  of  electrons  to  the  plate  could  be  greatly 
increased  by  adding  a grid  and  putting  a positive  charge  on 
it  as  well  as  on  the  plate.  On  the  other  hand,  a negative 
charge  on  the  grid  was  found  to  repel  the  electrons  and  pre- 
vent them  from  passing  over  to  the  plate.  Thus  the  current 
can  be  shut  off  entirely  by  a negative  charge  on  the  grid. 
Figure  503  shows  how  the  electrons  behave  when  the  grid 
is  positive  and  when  it  is  negative.  Very  small  changes  in 
the  voltage  of  the  grid  produce  extremely  large  changes  in 
the  current  flowing  to  the  plate.  In  this  way,  very  weak 
alternations  of  current  in  the  circuit  connected  to  the  grid 
may  cause  much  stronger  variations  in  the  current  through 
the  plate  circuit.  Some  tubes  are  able  to  increase  the  varia- 
tions more  than  four  hundred  times.  Ordinary  tubes  amplify 
variations  only  about  eight  times. 
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Fig.  503.  At  the  left  is  shown  a three-electrode 
tube  when  the  grid  has  a negative  charge.  Notice 
that  the  grid  has  repelled  the  electrons  toward  the 
filament,  and  no  current  is  flowing.  At  the  right 
the  grid  has  a positive  charge.  A comparatively 
large  current  is  flowing. 
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Figure  504  shows  the  connections  necessary  to  amplify 
the  variations  of  current  from  a radio  microphone.  The 
microphone  produces  the  same  results  as  a telephone  trans- 
mitter, and  one  type  of  microphone  acts  in  exactly  the  same 
way.  The  sound  waves  from  a violin  string,  striking  the 
microphone,  cause  a varying  direct  current  in  circuit  1,  as 
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Fig.  504.  Diagram  of  connections  to  a vacuum  tube  for  amplifying 
microphone  current  variations  in  a radio  transmitting  station.  This  or 
similar  hook-ups  are  used  for  “repeating”  ordinary  telephone  currents, 
for  operating  loud-speakers  in  auditoriums,  and  in  radio  receiving  sets. 


shown  by  the  wavy  line  below  the  circuit.  The  transformer 
changes  the  variations  to  an  alternating  current  in  circuit  2. 
Circuit  2 is  connected  to  the  grid  of  the  amplifier  tube  so 
that  the  alternations  will  cause  greatly  increased  variations 
in  the  direct  current  flowing  through  the  plate  circuit,  or 
circuit  3 of  the  diagram.  These  variations  are  commonly 
used  to  operate  a second  and  then  a third  amplifier  tube 
until  they  are  strong  enough  to  be  sent  out  “on  the  air.” 

The  process  of  transmitting  radio  messages  may  now  be 
understood  with  the  aid  of  Figure  505.  The  sound  waves 
from  the  violin  striking  the  microphone  cause  corresponding 
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current  fluctuations  which  are  changed  into  audio-frequency, 
or  “hearable”  oscillations.  These  are  then  amplified  by  the 
audio-frequency  amplifiers  until  they  are  strong  enough  to 
affect  the  power  tube  through  the  modulator.  Oscillations  of 
a definite  but  very  high  frequency  are  produced  by  a master 
oscillator  tube.  These  oscillations  are  amplified  by  the  radio- 
frequency amplifier  tubes  until  they  are  strong  enough  to 


Fig.  505.  Events  in  the  radio  broadcast  of  a single  sound  wave. 


affect  the  power  tube.  Being  affected  by  both  audio-fre- 
quency oscillations  and  radio-frequency  oscillations,  the 
power  tube  produces  very  strong,  high-frequency  oscilla- 
tions whose  intensity  or  amplitude  varies  with  the  pulsations 
of  the  microphone  circuit.  That  is,  while  the  compression  part 
of  a sound  wave  is  causing  a large  microphone  current,  as 
many  as  a thousand  very  intense  oscillations  may  be  pro- 
duced in  the  sending  circuit  instead  of  a few,  as  shown 
in  the  diagram.  Then,  while  there  is  only  a small  current 
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through  the  microphone,  that  is,  during  rarefaction,  a thou- 
sand weaker  oscillations  may  be  produced  in  the  trans- 
mitting circuit  by  the  power  tube.  The  intense  and  then 
the  weaker  oscillations  may  be  even  further  amplified  and 
then  used  to  set  up  oscillations  in  the  aerial  of  the  trans- 
mitting station.  From  the  aerial,  two  thousand  radio  carrier 
waves  of  varying  intensities  may  thus  be  sent  out  to  carry 
the  message  of  a single  sound  wave  to  receiving  sets  all 
over  the  country. 

The  radio  microphone  may  be  placed  anywhere  that  tele- 
phone wires  can  reach.  From  a football  field  or  convention 
hall  messages  are  carried  by  wire  to  the  broadcasting  station 
and  there  changed  to  radio  messages.  A recent  accomplish- 
ment has  been  to  have  a light,  low-power,  radio  transmitter 
strapped  to  the  announcer’s  back.  Being  free  from  wires,  he 
can  follow  the  football  teams  up  and  down  the  field  or  ride 
in  an  airplane  or  submarine,  all  the  while  transmitting  his 
observations  and  comments.  The  short-wave  messages  from 
his  transmitter  are  picked  up  by  special  receiving  stations  on 
trucks  within  a few  miles  of  the  announcer  and  sent  by  wire 
to  the  main  transmitting  station.  There  they  are  broadcast 
on  longer  waves  which  our  radio  sets  are  able  to  receive.  In 
talking  to  Europe  by  telephone,  the  messages  travel  by  wire 
to  radio  stations  in  the  east.  There  they  are  sent  across  the 
ocean  as  radio  waves  and  changed  back  into  wire  messages. 

How  are  radio  messages  received?  One  of  the  simplest 
receiving  sets  with  which  you  may  hear  code  messages  from 
a wireless  telegraph  sending  device  is  shown  in  Figure  506. 
It  consists  of  an  aerial,  a crystal  detector,  a pair  of  headphones 
or  a telephone  receiver,  and  the  necessary  connections.  If 
such  a set  is  “hooked  up”  in  a room  adjoining  the  room  in 
which  a buzzer  sending  set  is  located,  messages  sent  out  by 
the  sending  set  may  be  heard.  The  crystal  is  made  of  a min- 
eral called  galena.  Directly  above  the  crystal  is  a small  wire 
which  completes  the  circuit  through  the  crystal  detector 
when  it  touches  the  crystal.  It  may  be  necessary  to  shift  the 
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wire  until  it  touches  a certain  part  of  the  crystal  before  a 
signal  can  be  heard  in  the  phones.  This  part  of  the  crystal 
is  commonly  called  the  “sensitive  spot.” 

Let  us  see  how  this  set  works.  You  remember  that  the 
waves  of  electric  energy  which  come  through  space  from 
the  sending  set  are  caused  by  “high-frequency  oscillations.” 

Now  when  these  waves 
strike  the  aerial  of  the 
receiving  set,  the  action 
is  reversed.  They  set  the 
electrons  in  the  aerial 
wire  into  very  rapid 
oscillations.  This 
causes  oscillations  all 
along  the  wire.  Some 
electrons  would  oscillate 
in  the  branch  circuit  in 
which  the  detector  and  phones  are  connected,  except  for  the  fact 
that  such  high-frequency  alternations  cannot  pass  through 
coils  like  those  in  the  phones.  Moreover,  the  crystal  has  the 
property  of  allowing  a current  to  pass  through  in  one  direc- 
tion only.  This  direct  current  can  flow  through  the  phones. 
Since  this  current  through  the  phones  varies  in  strength  be- 
cause of  the  waves  which  strike  the  aerial,  it  causes  the  dia- 
phragm of  the  headphones  to  vibrate,  producing  a buzz-like 
noise.  The  length  of  each  buzz  corresponds  to  the  interval 
during  which  the  key  at  the  sending  set  is  closed. 

Suggested  Activity.  Set  up  a buzzer  sending  set  as  described 
on  page  613  and  a simple  code  receiving  set  like  that  shown  in 
Figure  506.  You  can  learn  to  send  and  receive  code  messages. 

For  receiving  code  and  wireless  telephone  conversations, 
reports,  and  musical  concerts  sent  out  by  amateur  and  com- 
mercial sending  stations,  the  crystal-detector  set  is  combined 
with  a coil.  A coil  crystal-detector  set  is  shown  in  Figure 
507.  With  this  set  it  is  possible  to  receive  code  or  telephone 
messages  from  stations  within  a few  miles,  and  to  listen  to 


Fig.  506.  A crystal  set.  The  parts 
may  be  obtained  at  any  radio  store. 
The  headphones  should  have  a resist- 
ance of  more  than  1000  ohms. 
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one  station  without  hearing  other  stations  at  the  same  time. 
The  set  consists  of  an  aerial,  a coil  (called  a “double-slide 
tuning  coil”),  a ground  wire,  a condenser,  a crystal  detector, 
and  head  phones.  The  aerial  may  be  placed  in  the  house  or 
outside,  or  bed  springs  may  be  used  as  an  aerial  if  the  send- 
ing station  is  a powerful  one  and  is  only  a few  miles  away. 

In  order  to  listen 
to  a broadcasting  or 
code-sending  station, 
the  wire  of  the  crystal 
detector  must  be  on  a 
sensitive  spot,  and 
the  slides  must  be 
moved  until  they  are 
in  the  correct  posi- 
tion and  the  message 
is  clearly  heard  in 
the  headphones.  The 
“tuning  in”  on  any 
station  may  require 
considerable  patience 
at  first,  but  the  correct  slide  positions  are  soon  learned. 

Note  that  there  are  two  circuits.  The  aerial  circuit  con- 
sists of  the  aerial,  some  turns  of  the  tuning  coil,  one  of  the 
slides,  and  the  ground  wire.  This  is  known  as  the  primary 
circuit.  The  detector  circuit,  often  called  the  secondary  cir- 
cuit, consists  of  (1)  a wire  leading  from  the  post  of  the  coil 
to  which  the  aerial  is  connected,  (2)  the  crystal  detector, 
(3)  the  phones,  (4)  a wire  leading  to  the  other  slide,  and  (5) 
some  turns  of  the  coil.  A condenser  is  connected  across  this 
secondary  circuit  from  one  side  of  the  phones  to  the  other. 

The  operation  of  the  set  is  simple.  When  the  waves  from 
the  sending  station  strike  the  aerial,  oscillations  are  set  up 
in  the  primary  circuit,  provided  the  slide  contact  in  this 
circuit  is  properly  set.  These  oscillations  cause  similar 
oscillations  in  the  part  of  the  coil  which  is  in  the  secondary 


Fig.  507.  A double-slide  tuning -coil  crystal 
receiving  set.  The  aerial  wire  and  the  wire 
which  leads  to  the  crystal  detector  are 
connected  to  one  end  of  the  coil.  The  ground 
wire  and  the  wire  which  comes  from  the 
phones  and  condenser  are  attached  to  the 
ends  of  the  rods  on  which  the  slides  move. 
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circuit,  if  the  slide  contact  in  this  circuit  is  in  the  correct 
position,  but  the  crystal  allows  the  electrons  to  flow  through 
it  in  one  direction  only.  Thus,  if  you  have  properly  tuned 
in,  a varying  direct  current  passes  through  the  crystal  and 
phones  and  causes  the  diaphragms  in  the  headphones  to 
vibrate,  just  as  the  membrane  in  the  transmitter  at  the  send- 
ing station  vibrates,  and  you  hear  the  speech  or  the  music. 

A modern  radio  receiving  set  usually  consists  of  the  fol- 
lowing six  parts,  or  sets  of  parts:  an  aerial,  with  ground 
connection,  to  intercept  the  radio  waves  so  that  they  will 
start  electric  oscillations  in  the  set;  induction  coils  and 
condensers  to  put  the  receiving  circuits  in  tune  with  the 
carrier  waves  and  to  transfer  oscillations  from  circuit  to 
circuit  within  the  set;  a radio-frequency  amplifier  to  increase 
the  strength  of  the  oscillations  caused  by  the  radio  carrier 
waves;  a detector  tube  to  change  each  series  of  radio-fre- 
quency oscillations  into  a single  audio  frequency  oscillation; 
an  audio-frequency  amplifier  to  increase  the  strength  of  the 
oscillations  produced  by  the  detector;  earphones  or  a loud- 
speaker to  produce  a sound  wave  from  each  audio-frequency 
oscillation.  A loud-speaker  operates  in  very  much  the  same 
way  as  a telephone  receiver,  but  is  constructed  to  use  stronger 
currents  and  produce  louder  sounds. 

Let  us  follow  the  single  group  of  radio  waves  which  were 
sent  out  from  the  transmitting  station  to  carry  the  message 
of  one  sound  wave.  The  entire  succession  of  carrier  waves 
gradually  grows  weaker  as  it  gets  farther  from  the  sending 
station,  because  the  waves  keep  spreading  over  more  and 
more  space.  As  they  reach  electrical  conductors  every- 
where, they  tend  to  cause  the  electrons  in  the  conductors 
to  oscillate  at  the  frequency  of  the  waves.  They  have  little 
effect,  however,  unless  someone  has  turned  the  condensers 
and  coils  in  his  receiving  set  until  it  is  in  tune  with  the  send- 
ing station;  that  is,  until  the  electrons  in  the  receiving  aerial, 
coils,  condensers,  and  wires  tend  to  oscillate  at  exactly  the 
same  rate  as  those  in  the  sending  station.  Then  the  weak 
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incoming  waves  set  up  weak  but  effective  oscillations  in 
the  aerial  and  the  circuits  connected  with  it.  These  oscilla- 
tions are  almost  exact  imitations  of  the  oscillations  in 
the  transmitting  station. 

The  first  part  of  our  group  of  carrier  waves  started  out  with 
great  intensity.  As  a result  of  its  arrival,  one  thousand  oscil- 
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Fig.  508.  Events  in  the  reception  of  the  radio  message  of  a single  sound  wave 
through  a simple  five-tube  radio  receiving  instrument  with  loud-speaker. 
Refer  again  to  Figure  505,  which  shows  the  origin  of  the  message  in  the 
sending  station. 

lations  are  produced  in  the  aerial  circuit.  The  last  part  of 
the  group  is  much  less  intense  and  thus  produces  a thousand 
much  weaker  oscillations  in  the  aerial  of  the  receiving  set. 
All  of  these  oscillations  are  amplified  by  the  radio-frequency 
amplifier  tubes  which  act  in  the  same  way  as  the  amplifier 
tubes  in  the  sending  station.  The  oscillations  are  then  passed 
to  the  grid  of  the  detector  tube.  The  one  thousand  strong 
waves  cause  a large  number  of  electrons  to  pass  over  to  the 
grid  and  charge  it  negatively.  Thus,  for  an  instant,  very 
little  direct  current  can  pass  from  filament  to  plate.  Then, 
as  the  thousand  weaker  oscillations  reach  the  tube,  the  grid 
becomes  less  strongly  charged,  and  a pulsation  of  current 
is  allowed  to  pass.  This  pulsation  is  amplified  by  the  audio- 
frequency amplifier  and  passed  on  to  the  earphones  or 


624 


EVERYDAY  PROBLEMS  IN  SCIENCE 


loud-speaker.  There  it  affects  the  diaphragm  and  starts  a 
single  sound  wave  to  the  ear  of  the  listener. 

All  the  changes  which  were  started  by  the  original  vibra- 
tion of  a violin  string  in  the  broadcasting  studio  make  a 
long  story;  yet  thousands  of  such  vibrations  of  a voice,  a 
violin,  or  an  entire  orchestra  cause  this  series  of  changes 
every  second  that  a broadcasting  station  is  in  operation  and 
are  reproduced  with  great  fidelity  in  thousands  or  millions 
of  homes  far  and  near.  When  we  know  something  of  what 
really  happens,  the  process  seems  even  more  marvellous  than 
when  we  are  in  complete  ignorance  of  its  nature. 

Suggested  Activities.  1.  Examine  a radio  receiving  set.  Try 
to  identify  the  different  instruments  named  in  this  problem.  How 
is  the  set  tuned? 

2.  Visit  a radio  broadcasting  station.  Ask  to  see  the  electrical 
equipment,  as  well  as  the  studio.  Report  your  observations  to 
the  class. 

Self-testing  exercise  6.  State  in  a list  the  differences  between 
sound  waves  and  radio  waves. 

Self-testing  exercise  7.  Make  a statement  summary  of  the  series 
of  events  which  follows  the  sounding  of  a violin  note  in  a radio 
broadcasting  studio. 

Problem  4:  How  Are  Television  Messages 
Transmitted? 

Study  Suggestion.  Television  makes  use  of  a number  of  inven- 
tions which  were  first  used  in  telephone  and  radio  communication. 
In  fact,  television  is  merely  an  extension  of  the  telephone  and 
radio,  whereby  scenes  instead  of  sounds  may  be  reproduced  at  a 
distance.  However,  the  transmission  of  scenes  presents  two  new 
problems:  First,  the  breaking  of  a scene  or  picture  into  parts  from 
which  messages  can  be  transmitted  one  after  the  other;  second,  the 
changing  of  the  light  messages  from  the  different  parts  of  the  scene 
into  electrical  variations.  The  receiving  instruments  must  then  be 
able  to  reverse  the  process  and  change  electric  variations  into  light 
variations  and  build  them  up  into  a picture.  Furthermore,  these 
operations  must  be  performed  so  rapidly  that  the  eye  does  not  see 
the  parts  separately,  but  as  a whole. 
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The  problems  of  television  have  not  been  solved  with  entire 
success.  In  this  problem  we  shall  study  a system  of  television 
developed  by  one  well-known  group  of  inventors.  Be  sure  that 
you  understand  how  each  of  the  main  problems  of  television  has 
been  solved  in  this  system  before  you  attempt  to  do  the  self-testing 
exercise  on  page  629. 

How  are  television  messages  produced?  By  one  television 
method  the  scene  to  be  transmitted  is  broken  up  into  parts 
for  transmission  by  dividing  it  crosswise  into  fifty  strips, 


Fig.  509.  Arrangement  of  apparatus  for  television  transmission. 


as  shown  in  Figure  510.  Then  the  strips  are  transmitted 
very  rapidly,  one  after  the  other,  as  if  they  were  all  parts 
of  one  continuous  “strip”  of  scene,  varying  in  the  amount 
of  light  reflected  from  different  parts.  As  soon  as  the  last 
of  the  fifty  strips  has  been  transmitted,  the  first  is  again 
transmitted,  and  the  whole  fifty  repeated  time  after  time. 
This  is  done  with  such  great  rapidity  that  the  eye  does 
not  perceive  the  repeated  flashes  of  the  scene. 

The  scene  is  divided  into  strips,  as  just  described,  and  the 
strips  are  illuminated  in  succession  by  the  scanning  disk,  arc 
light,  and  lenses  shown  in  Figure  509.  The  scanning  disk  is 
rotated  about  eighteen  times  per  second  by  its  motor.  Near 
its  edge  is  a spiral  row  of  fifty  holes  very  carefully  spaced 
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and  reaching  once  around  the  disk  (Figure  511),  As  the 
first  hole  crosses  the  opening  in  the  shield,  a single  intense 
ray  of  light  from  the  electric  arc  passes  through  the  hole 
and  flashes  across  the  upper  part  of  the  scene,  in  this  case 
a person’s  face  and  its  background.  As  soon  as  the  first 

ray  has  passed  across,  il- 
luminating the  first  strip 
of  the  scene,  a ray  from 
the  second  hole  flashes 
across  a little  lower  down, 
and  so  on  until  the  fifty 
holes  have  lighted  up  the 
entire  scene.  Yet  only 
about  one-fiftieth  of  the 
scene  has  been  lighted  by 
the  beam  from  each  hole 
as  it  passes  across  the 
scene.  Thus  the  problem 
of  dividing  the  scene  into 
fifty  separate  strips  has  been  accomplished  in  the  time  of  one- 
eighteenth  of  a second. 

The  light  reflected  from  the  different  parts  of  the  scene  in 
such  rapid  succession  is  changed  into  electrical  messages  by 
means  of  three  large  photo-elec- 
tric cells  placed  in  front  of  the 
scene.  Each  cell  is  a large,  sealed, 
glass  tube  which  exposes  to  the 
light  about  forty  square  inches 
of  surface  coated  with  a metal 
called  potassium  (Figure  486).  This 
metal  throws  out  electrons  when 
light  strikes  it,  and  the  number  of 
electrons  is  in  exact  proportion  to 
the  amount  of  light.  The  negative 
wire  from  an  electric  battery  is  connected  to  the  potassium 
coating,  and  the  positive  wire  is  attached  to  a long  electrode 


>=so 

Fig.  510.  How  a scene  is  divided  into 
strips  for  television  transmission. 


Fig.  511.  A scanning  disk. 
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near  the  potassium  surface.  As  the  electrons  are  driven  out  of 
the  potassium  by  the  light,  they  are  attracted  to  the  positive 
electrode  and  more  are  pushed  into  the  potassium  by  the 
battery.  Thus  a feeble  current  of  electricity  flows  through 
the  circuit,  increasing  and  decreasing  with  the  amount  of  light 
which  is  reflected  to  the  photo-electric  cells. 

Let  us  now  follow  the  beam  of  light  as  it  illuminates  strip 
number  21  of  the  scene  represented  in  Figure  510.  For  about 
one-fourth  of  its  journey  across  the  scene  it  shines  only  on 
the  dark  background.  A very  little  light  is  reflected  to  the 
photo-electric  cells,  and  a very  few  electrons  flow  in  the  circuit. 


Fig.  512.  Variations  of  current  from  a photo-electric  cell  as  the  scanning 
beam  passes  along  strip  No.  21  of  the  scene  in  Figure  510. 


The  spot  of  light  then  moves  across  the  black  hair  at  the  side 
of  the  girl’s  head.  Little  light  is  reflected,  and  almost  no  cur- 
rent flows.  The  current  rises  sharply  when  the  light  reaches 
the  white  skin,  falls  for  the  dark  edge  of  the  right  eye,  rises 
for  the  white  of  the  eye,  falls  for  the  pupil,  and  so  on,  until  the 
beam  passes  off  the  right  edge  of  the  scene  (Figure  512). 

The  tiny  current  variations  which  are  produced  by  the 
photo-electric  cells  are  amplified  millions  of  times  by  vacuum 
tubes  and  then  transmitted  over  telephone  wires  or  by  radio, 
in  much  the  same  way  that  microphone  current  variations 
are  transmitted. 
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How  are  television  pictures  reconstructed  by  a receiving 
set?  The  radio  waves  carrying  television  messages  are  received 
and  amplified  just  as  in  ordinary  radio  reception.  Instead  of 
operating  a loud-speaker,  however,  the  current  variations 
are  allowed  to  act 
on  a special  kind  of 
light  bulb  filled  with 
one  of  the  rare  gases 
of  the  atmosphere, 
called  neon.  Such  a 
bulb  responds  in- 
stantly, and  glows 
brightly  or  dimly  in 
accordance  with  the 
strength  of  the  sig- 
nals from  the  photo- 
electric cells.  Thus 
the  variations  of  light  from  the  scene  at  the  transmitter  are 
reproduced  at  the  receiver. 

To  build  the  light  messages  of  the  neon  light  into  a pic- 
ture, a second  scanning  disk  is  necessary.  It  has  the  same 
number  of  holes  as  the  transmitter  disk,  and  must  turn  at 
exactly  the  same  rate.  The  wide  neon  light  is  placed  back 
of  the  disk.  In  front  is  a shield  having  an  opening  about  two 
inches  wide  and  two  and  a half  inches  long.  To  see  the  pic- 
ture, one  looks  at  the  neon  light  through  the  opening  in 
the  shield  and  through  the  holes  in  the  disk.  As  the  first 
hole  in  the  disk  passes  across  the  light,  it  moves  so  rapidly 
that  it  is  seen  as  a streak  of  light  varying  in  brightness  with 
the  brightness  of  the  corresponding  strip  of  scene  at  the 
transmitting  instrument.  The  remaining  forty-nine  holes 
follow  the  first,  each  a little  lower  than  the  last,  and  each 
adding  a properly  shaded  streak  of  light.  The  fifty  streaks 
follow  each  other  so  rapidly  and  are  repeated  so  quickly 
that  the  sight  of  the  first  has  not  faded  from  the  eye  until 
all  have  appeared  and  the  first  has  been  repeated  again. 


system,  showing  both  sending  and  receiving. 
(Bell  Telephone  Laboratories,  Inc.) 
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Thus  the  separate  streaks  seem  all  to  be  seen  at  once  as  a 
complete  picture. 

The  picture  produced  by  a television  receiver  with  a 
scanning  disk  is  too  small  to  be  seen  by  a group.  Pictures 
which  can  be  seen  by  a good-sized  audience  have  been  success- 
fully produced  on  a grid  receiver.  The  neon  light  for  this 
type  of  receiver  is  known  as  a grid,  because  it  is  a continuous 
neon-filled  tube  bent  back  and  forth  fifty  times  to  make  up  a 
flat  screen  two  feet  wide  and  two  and  one-half  feet  high. 
On  each  of  the  fifty  lines  of  the  grid  are  fifty  electrodes  from 
which  discharges  of  electrons  take  place  in  the  proper  order. 
Twenty-five  hundred  separate  flashes  of  the  correct  bright- 
ness to  form  a picture  appear  on  the  grid  every  eighteenth  of 
a second.  Because  they  are  repeated  so  rapidly,  the  eye  sees 
a complete  moving  picture  on  the  grid. 

Suggested  Activity.  The  advertising  signs  which  are  lighted 
by  neon-filled  tubes  really  send  out  120  separate  flashes  of  light 
each  second,  because  they  are  operated  by  a rapidly  alternating 
current  of  electricity.  Look  at  one  of  these  signs  and  move  your 
head  rapidly  from  side  to  side.  You  should  be  able  to  see  the  separate 
flashes.  Why  do  you  not  see  them  ordinarily? 

Self-testing  exercise  8.  Explain  briefly  the  part  which  each  of 
the  following  plays  in  television;  scanning  disk  in  the  transmitter, 
arc  light,  photo-electric  cell,  vacuum  tubes,  radio  waves,  scanning 
disk  in  the  receiver,  neon  light. 

Summary  exercise  on  Unit  XVI.  State  in  sentence  form  each  o( 
the  principles  of  science  you  have  learned  from  this  unit. 

Additional  Exercises 

1.  Why  cannot  a permanent  magnet  be  used  successfully  in  an 
ordinary  electric  bell? 

2.  Of  what  kind  of  material  is  the  diaphragm  of  a telephone 
receiver  made?  Why? 

3.  Learn  to  send  and  receive  telegraph  messages. 

4.  Bring  your  radio  set  to  school  and  explain  how  it  works. 

5.  Can  a telephone  transmitter  be  used  as  a receiver?  Can  a 
receiver  be  used  as  a transmitter?  Explain. 
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6.  Two  wires  are  used  in  city  telephone  systems,  while  in  many 
cases  only  one  wire  is  used  for  country  lines.  Why  is  this  so? 

7.  Work  out  a way  of  making  a telegraph  instrument  from  an 
old  electric  bell. 

8.  Devise  and  try  out  some  way  of  measuring  the  speed  of 
sound  in  air. 

9.  Learn  the  meaning  of  the  different  symbols  used  in  the  radio 
diagrams  to  be  found  in  scientific  magazines  and  radio  manuals. 

10.  Secure  a worn  out  radio  tube.  Carefully  break  away  the 
glass  and  examine  the  parts  inside.  Prepare  an  exhibit  of  the  parts 
for  your  class. 

11.  Investigate  the  “telephoto”  process  of  telegraphing  pic- 
tures which  is  now  in  common  use  for  news  pictures. 

12.  State  two  ways  of  increasing  the  strength  of  an  electro- 
magnet. 

13.  Does  a telegraph  relay  strengthen  the  local  circuit?  Explain 
your  answer. 

14.  Why  are  the  wires  grounded  at  local  telegraph  stations? 

15.  What  effects  has  radio  had  on  the  home  life  of  Canadian 
people? 

16.  What  do  you  see  as  the  chief  difficulties  in  making  television 
as  common  as  radio? 

17.  How  does  modern  communication  help  transportation  sys- 
tems? How  does  it  hinder  them? 

18.  Examine  several  different  radio  sets  having  only  a few  tubes 
and  make  drawings  to  show  the  hook-ups  of  the  sets. 

19.  Prepare  a report  on  “Energy  Waves  of  Various  Kinds.” 
Include  heat,  light.  X-ray,  radio  waves,  cosmic  rays,  etc. 


UNIT  XVII 

HOW  DOES  MAN  PROVIDE  TRANSPORTATION? 

Preliminary  Exercises 

1.  Name  as  many  different  kinds  of  boats  as  you  can.  What 
are  the  characteristics  which  make  each  kind  different  from  the 
others? 

2.  What  is  the  chief  difference  between  materials  which  float  in 
water  and  materials  which  sink? 

3.  How  is  the  power  of  an  automobile  engine  transmitted  to 
the  rear  wheels? 

4.  How  does  the  clutch  in  an  automobile  operate? 

5.  What  are  the  kinds  of  power  used  to  propel  boats? 

6.  What  are  the  differences  between  an  ordinary  balloon  and  a 
dirigible  balloon? 

7.  How  does  a kite  differ  from  an  airplane? 

8.  Why  can  a balloon  float  in  the  air? 

9.  Why  must  an  airplane  be  kept  moving  in  order  for  it  to  re- 
main in  the  air? 

10.  How  does  a propeller  pull  an  airplane? 

11.  How  is  the  power  of  a steam  engine  applied  to  the  driving 
wheels  of  a locomotive? 

The  Story  of  Unit  XVII 

If  you  compare  life  today  with  life  one  hundred  years 
ago,  you  realize  that  our  present  methods  of  living  are  pos- 
sible only  as  the  result  of  a speedier  and  more  dependable 
method  of  transportation.  What  today  are  considered  the 
necessities  of  life  were  regarded  then  as  luxuries  because  of 
the  time  and  the  expense  involved  in  obtaining  them.  Your 
clothing,  your  food,  and  your  home  present  ample  evidence 
of,  the  value  of  transportation.  You  eat  oranges  from  Cali- 
fornia, dates  from  Egypt,  nuts  from  Brazil,  wheat  from  Man- 
itoba, and  cheese  from  Ontario.  The  material  from  which 
your  clothing  is  made  may  have  grown  on  a sheep’s  back  in 
Australia.  Your  house  may  be  constructed  of  lumber  from 
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Fig.  514.  The  Indian  travois,  a primitive  form  of 
vehicle,  common  among  the  Plains  Indians. 
(Underwood  and  Underwood.) 


Quebec,  stone  from  Nova  Scotia,  and  cement  from 
Alberta,  and  furnished  with  materials  which  have 
come  from  all  parts  of  the  world.  This  has  been  made  pos- 
sible by  the  development  of  land  and  water  transportation. 
What  changes  a dependable  system  of  air  transportation 

will  bring  cannot 
be  predicted. 

Not  only  has 
transportation 
made  possible  the 
exchange  of  raw 
and  manufactured 
products,  but  it  has 
also  enabled  people 
to  travel.  This  has 
resulted  in  explora- 
tion, colonization 
of  new  lands,  development  of  new  regions,  and  in  a general 
mingling  of  the  earth’s  population.  Our  communities  are 
made  up  of  people  from  all  parts  of  the  earth.  The  members 
of  the  community  are  constantly  travelling  from  one  place 
to  another,  bringing  back  new  ideas  and  ways  of  doing  things. 
Transportation  has  thus  en- 
abled the  people  of  one  part 
of  the  world  to  learn  what 
those  of  the  other  part  are 
doing  and  thinking,  and  has 
assisted  to  a great  extent  in 
the  rapid  development  of  our 
progressive  civilization. 

Our  present  methods  of 
transportation  differ  greatly  from  those  of  the  past  because  of 
devices  such  as  the  gasoline  engine,  the  steam  engine,  the 
Diesel  engine,  and  the  electric  motor.  Two  hundred  years  ago 
land  vehicles  were  propelled  by  man  power  and  animal  power. 
Boats  and  ships  were  propelled  by  the  wind.  The  airplane 


Fig.  515.  An  early  wheeled  cart.  This 
picture  made  from  an  ancient  draw- 
ing does  not  show  how  the  logs  were 
attached.  (Studebaker  Corporation.) 
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and  the  dirigible  were  unknown.  Today  by  airplane  we  can 
travel  from  London  to  Bombay  more  quickly  than  our 
ancestors  could  travel  from  London  to  Edinburgh  by 
stagecoach.  A similar  difference  exists  in  the  speed  of  water 
transportation.  It  took  Columbus  two  months  to  cross  the 
Atlantic  Ocean ; a modern  ocean  liner  can  cover  this  distance  in 
four  days,  and  air- 
planes have  made 
the  passage  of  the 
Atlantic  between 
breakfasts.  All  of 
these  changes  have 
been  brought  about 
by  the  harnessing 
of  the  energy  of 
steam,  exploding 
gas,  and  electricity. 

It  is  interesting 
to  note  that  it  took 
more  than  the  in- 
vention of  these  en- 
gines to  bring  about  their  use  for  transportation.  The  first 
steam  engine  to  be  of  practical  use  was  invented  in  1633. 
However,  it  was  not  until  1769  that  a vehicle  propelled  by 
steam  was  invented.  Nicolas  Cugnot,  a French  army  officer, 
was  the  inventor.  His  machine  travelled  on  ordinary  roads 
at  the  rate  of  three  or  four  miles  an  hour  and  had  to  stop 
every  ten  minutes  to  get  up  steam.  But  in  1829,  George 
Stephenson  invented  his  Rocket,  the  first  successful  loco- 
motive to  run  on  rails,  and  by  1907  the  railroads  of  the  world 
could  have  encircled  the  world  24  times  at  the  equator.  The 
use  of  the  gasoline  engine  for  transportation  purposes  has  had 
a history  somewhat  similar  to  that  of  the  steam  engine.  The 
first  practical  gas  engine  was  invented  in  the  year  1876,  but 
it  was  not  until  1887  that  the  power  of  the  gas  engine  was 
applied  in  driving  a vehicle. 


Fig.  516.  Cugnot’s  steam  locomotive.  It  must 
have  been  difficult  to  steer,  for  this  old  drawing 
shows  it  colliding  with  a stone  wall.  At  one  time 
it  tipped  over  while  turning  a corner  at  three 
miles  an  hour. 
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Before  power  could  be  successfully  applied  in  transporta- 
tion, it  was  necessary  to  learn  how  to  change  the  backward 

and  forward  motion  of  the 
piston  of  the  steam  or  gas 
engine  to  curvilinear  mo- 
tion, that  is,  the  circular 
motion  of  the  wheel.  (See 
page  488.)  Furthermore,  it 
was  necessary  to  discover 
how  the  power  could  be 
applied  to  the  driving 
wheels  and  how  the  power 
could  be  controlled  so  that 
the  maximum  efficiency  of 
the  engine  could  be  se- 
cured. In  this  unit  you  will 
learn  how  man  has  applied 
the  power  of  gas,  steam, 
and  electricity  to  propel  his 
automobiles,  locomotives,  ships,  dirigibles,  and  airplanes. 

Another  chapter  in  the  history  of  transportation  is  that 
of  the  progress  in 
transportation  by 
water.  A part  of 
this  progress  came 
as  a result  of  the 
discovery  of  the 
conditions  neces- 
sary for  an  object 
to  float.  From 
this  discovery, 
man  has  been  able 
to  build  larger 
and  larger  ships  and  to  construct  them  of  strong  materials 
such  as  iron  and  steel.  In  addition,  progress  has  been  made 
in  developing  methods  of  propelling  boats.  Originally 


Fig.  518.  Probably  this  was  man’s  first  method 
of  transporting  himself  on  water. 


Fig.  517.  Seguin,  a French  engineer, 
built  this  model  of  a locomotive  in  1826, 
two  years  before  Stephenson  built  the 
first  “modern”  locomotive.  Can  you 
find  the  devices  which  change  the 
straight-line  motion  of  the  piston  to 
the  circular  motion  of  the  wheels? 
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man  provided  his  motive  power;  somewhat  later  he  learned 
to  use  the  wind.  The  honor  of  constructing  the  first  practical 
steamship  goes  to  William  Symington,  who  ran  the  Charlotte 
Dundas  up  the  Clyde 
canal  in  1802.  The  early 
steamships  were  propelled 
by  paddle  wheels  of  a type 
generally  used  on  inland 
waters  today.  The  first  boat 
to  use  the  screw  propeller 
was  the  Robert  F.  Stockton 
in  1839.  Since  that  time 
the  screw  propeller  has  en- 
tirely replaced  the  paddle 
wheel  on  ocean-going  boats. 

On  small  boats  the  gasoline 
engine  and  the  electric  mo- 
tor have  taken  the  place  of 
the  heavier  steam  engine, 
especially  in  lake  and  river 
transportation.  Why  it  is 
possible  for  steel  ships  to 
float  on  water  and  how  en- 
gines may  be  used  to  propel 
ships  through  the  water 
you  will  discover  from  your 
study  of  this  unit. 

The  problem  of  transportation  in  air  is  in  some  respects 
much  more  difficult  to  solve  than  that  of  either  transporta- 
tion on  land  or  on  water.  For  example,  many  materials 
will  float  on  water.  Only  a few  materials,  however,  are  light 
enough  to  float  in  air.  Dirigibles  or  balloons  which  float  in 
air  must  be  inflated  with  large  quantities  of  a gas  which  is 
lighter  than  air.  As  a result,  they  are  unwieldy  and  some- 
what difficult  to  control  in  heavy  winds.  Airplanes,  on  the 
other  hand,  are  based  on  a different  principle  from  that  of 


Fig.  519.  In  1783  the  Montgolfier 
brothers  invented  the  first  balloon. 
They  filled  it  with  smoke  and  hot  air, 
having  got  this  idea  from  observing  how 
clouds  float  in  the  air.  After  a trial 
with  animals,  two  men  actually  stayed 
up  twenty-five  minutes  in  this  balloon. 

(Compton’s  Pictured  Encyclopedia.) 
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balloons  or  airships.  They  are  actually  heavier  than  air. 
If  the  power  which  drives  them  is  shut  off,  they  can  no  longer 
remain  in  the  air.  How  it  is  possible  for  a heavier  than  air 
machine  to  move  through  the  air  and  remain  in  the  air  you 
will  learn  in  this  unit. 

Problem  1:  How  Are  Land  Vehicles  Propelled? 

Study  Suggestion.  Before  beginning  the  study  of  this  problem, 
review  the  operation  of  the  steam  engine  and  the  gas  engine,  pages 
495  to  508,  and  the  transfer  of  force  in  machines  of  the  wheel-and- 

axle  type,  pages  465  to 
469.  You  will  discover, 
as  you  study  this  prob- 
lem, that  the  transmis- 
sion of  power  in  the 
steam  engine  is  different 
from  the  transmission  of 
power  in  the  gas  engine. 

What  are  the  im- 
portant problems  in 
land  transportation?  Let  us  first  consider  what  it  means  to 
move  an  object  on  land.  What  happens  when  you  walk? 
First  you  move  one  foot  forward;  then  you  shift  your  weight 
on  this  foot,  pick  up  your  back  foot,  bring  it  into  a position 
ahead  of  the  other  foot,  and  so  on.  If  one  walks  on  ice,  it  is 
much  more  difficult  to  avoid  slipping  than  it  is  on  land. 
Why  is  this  true?  It  is  true  because  ice  has  a smoother  sur- 
face than  land;  hence,  there  is  less  friction  between  the  shoes 
and  the  surface  upon  which  one  stands.  If  you  imagine  a 
surface  so  smooth  that  there  is  no  friction  between  your 
shoes  and  the  surface,  you  can  easily  see  that  it  would  be 
impossible  to  move  by  walking;  you  could  not  push  your- 
self forward  by  the  action  of  your  muscles. 

If  you  go  back  into  the  history  of  vehicles,  you  find  that 
probably  the  first  vehicle  was  a sledge  or  drag  pulled  along 
by  an  animal  (Figure  520).  You  can  see,  however,  that  there 
is  so  much  friction  between  a dragging  sledge  and  the  ground, 


Fig.  520,  Where  there  is  much  snow,  the 
sledge  has  always  been  used  as  a vehicle. 
There  is  little  friction  between  the  runners 
and  the  snow. 
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that  only  small  weights  can  be  transported,  and  high  speed  is 
impossible.  The  first  attempt  at  a wheeled  cart  probably 
used  solid  logs  for  wheels  (Figure  515).  This  reduced  the 
amount  of  friction  between  the  vehicle  and  the  ground,  and 
thus  larger  loads  could  be  drawn  with  the  same  force.  Later, 
the  two-wheeled  cart  came  into  use,  but  not  until  the  seven- 
teenth century  did  four-wheeled  carriages  appear  in  any 
large  number.  The  four-wheeled  carriage  was  more  efficient 


Fig.  521.  Any  method  of  land  transportation  involves  the  problem  of 
roads.  Smooth  surfaces  reduce  friction  and  eliminate  bumps.  Slippery 
mud  reduces  friction  too  much,  and  deep  mud  increases  friction. 


than  the  two-wheeled  carriage,  because  the  wheels  supported 
all  of  the  weight,  and  all  of  the  strength  of  the  animal  could 
be  used  to  overcome  the  friction  of  the  moving  wheels. 

From  what  you  have  just  read,  you  can  see  that  one  im- 
portant problem  in  land  transportation  is  that  of  cutting 
down  the  friction  between  the  vehicle  and  the  surface  over 
which  it  passes.  There  are,  however,  limits  to  which  the 
friction  may  be  cut  down.  Everyone  knows  that  worn  auto- 
mobile tires  may  result  in  skidding.  Skidding  is  caused  by 
the  lack  of  friction.  New  automobile  tires,  on  the  other  hand, 
are  so  constructed  that,  by  means  of  the  tread,  they  afford 
the  proper  amount  of  friction  between  the  wheel  and  the 
road.  The  wheel  must  push  backward  against  the  ground. 
There  must  be  enough  friction  to  prevent  the  tires  from  turn- 
ing around  without  moving  the  vehicle. 
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Another  special  problem  in  land  transportation  is  the 
control  of  the  power.  You  know  that  a vehicle  cannot  start 
from  rest  and  immediately  go  sixty  miles  an  hour.  The  gain 
in  speed  must  be  gradual.  To  apply  power  to  wheels,  it  is 
thus  necessary  to  transmit  the  force  in  such  a way  that  the 
power  of  the  steam  engine,  or  the  gas  engine,  or  the  electric 
motor  may  be  utilized  when  the  vehicle  is  standing  still. 


Fig.  522.  The  principal  parts  of  the  engine  of  the  locomotive  are  shown 
in  black.  The  sand  dome  is  directly  back  of  the  bell. 


when  it  is  going  a few  miles  an  hour,  and  when  it  is  going 
at  very  great  speed.  How  this  is  done  with  the  steam  engine, 
the  gas  engine,  and  the  electric  motor,  will  be  your  problem 
in  the  study  material  which  follows. 

How  does  a steam  engine  run  a locomotive?  You  have 
already  learned  how  the  backward  and  forward  motion  of 
the  piston  of  a steam  engine  is  changed  into  the  motion  of  a 
flywheel  in  the  stationary  steam  engine.  In  the  locomotive  the 
driving  wheels  take  the  place  of  the  flywheel  of  the  stationary 
steam  engine.  The  ordinary  locomotive  has  two  engines, 
one  on  either  side  in  front  of  the  driving  wheels  and  just 
outside  the  small  wheels  (Figure  522).  The  piston  rod  is 
connected  with  the  eccentric  on  the  middle  driving  wheel 
through  a rather  complex  arrangement  of  levers. 

If  you  will  observe  a locomotive,  you  will  see  that  the 
power  of  the  steam  engine  is  transmitted  directly  to  the 
driving  wheel.  There  is  no  system  of  gears  such  as  is  neces- 
sary in  the  automobile.  It  is  possible  to  apply  the  force  of 
the  expanding  steam  directly  to  the  driving  wheels  because 
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steam  develops  its  full  power  as  soon  as  it  enters  the  cyl- 
inder. The  amount  of  power  developed  thus  depends  upon 
the  quantity  and  pressure  of  the  steam  which  enters  the 
engine.  A long,  heavy  bar,  called  the  Johnson  bar,  is  at- 
tached to  the  eccentric  on  the  middle  drive  wheel  and  to 
the  eccentrics  of  the  other  drive  wheels.  As  the  steam  drives 
the  piston  back  and  forth,  the  driving  wheels  begin  to  rotate. 
The  locomotive  is  very  heavy,  and  presses  down  on  the  track 
with  great  force.  This  causes  such  great  friction  between  the 
wheels  and  the  track  that  the  locomotive  is  forced  to  move. 
If  the  track  is  slippery,  the  engineer  sometimes  “sands”  the 
track  by  allowing  .sand  to  trickle  from  the  sand  dome  through 
a pipe  which  opens  in  front  of  the  driving  wheels. 

The  pistons,  slide  valves,  and  eccentrics  in  the  two  engines 
on  either  side  of  the  locomotive  are  so  arranged  that  when 
one  engine  is  passing  the  “dead  point,”  the  engine  on  the 
other  side  is  exerting  its  greatest  force  in  rotating  the  wheels. 
The  locomotive,  therefore,  cannot  so  stop  that  both  engines 
are  at  their  “dead  points.”  The  “dead  point”  is  the  mo- 
ment when  the  piston  is  at  either  end  of  the  cylinder.  In  this 
position  there  is,  of  course,  no  steam  pressure  on  it.  Examine 
Figure  384  to  see  why  this  is  true. 

In  order  to  keep  up  high  steam  pressure,  a strong  draft  is 
required  through  the  fire  box.  The  smokestack  is  too  short 
to  be  of  value  in  this  respect.  (See  page  345.)  This  in- 
creased, or  forced,  draft  is  produced  by  leading  the  exhaust 
pipe  from  the  engine  into  the  smokestack.  The  rush  of 
steam  through  the  stack  carries  the  burned  gases  out,  and 
fresh"  air  enters  the  fire  box  through  the  draft  openings. 

How  does  the  gas  engine  run  an  automobile?  The  use  of 
a gas  engine  to  run  an  automobile  is  somewhat  unlike  the  use 
of  a steam  engine  to  drive  a locomotive.  The  force  exerted 
by  a gas  engine  is  dependent  upon  its  speed;  that  is,  the 
greater  the  speed  of  the  engine  the  greater  the  force  de- 
livered. Since  a much  greater  force  is  needed  to  set  an 
object  in  motion  than  to  keep  it  moving,  it  is  clear  that 
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the  engine  itself  must  be  running  at  high  speed  before  the 
car  can  be  started.  Of  course,  it  would  be  impossible  to 
connect  the  engine  to  the  driving  wheels  when  it  is  going 
at  high  speed  and  the  wheels  are  not  moving.  For  this  reason 
there  must  be  some  device  to  disconnect 
the  engine;  this  device  is  known  as  the 
clutch.  There  must  also  be  sets  of  gears 
to  transmit  the  force  from  the  engine  to 
the  rear  wheels.  These  are  known  as 
transmission  gears  (directly  back  of  the 
clutch)  and  differential  gears  (in  the  middle 
of  the  rear  axle) . Let  us  see  how  these  de- 
vices are  constructed  and  operated. 

You  know  that  when  the  engine  of  an 
automobile  is  started,  the  car  is  not  set  in 
motion.  This  means  that  the  engine  is 
not  connected  with  the  rear  wheels.  To 
start  the  car,  the  clutch  pedal  is  pressed  down,  the  gear-shift 
lever  is  pulled  backward  to  the  left,  the  clutch  pedal  is  then 
released,  and  the  car  moves  forward  in  low  gear.  The  clutch 
pedal  is  again  depressed,  the  gear-shift  lever  is  pushed  forward 
and  to  the  right,  the  clutch  pedal  is  released,  and  the  car  is 
in  second  gear.  A similar  set  of  operations  places  the  car  in 
high  gear.  Some  cars  have  a different  shift  from  the  one  de- 
scribed, and  many  of  the  newer  cars  are  equipped  with  devices 
which  carry  on  some  of  these  operations  automatically.  How- 
ever, the  same  general  principle  of  operation  holds  true  in 
all  cases.  Let  us  see  the  reason  for  each  of  these  operations. 

We  shall  begin  with  the  engine.  Like  the  stationary  gas 
engine  the  automobile  engine  has  a flywheel  which  is  rotating 
whenever  the  engine  is  operating.  Back  of  the  flywheel 
(“back”  meaning  toward  the  rear  of  the  car)  is  the  clutch. 
This  disconnects  the  engine  and  the  rear  wheels,  allowing 
the  engine  to  run  while  the  car  is  stationary.  As  an  illustra- 
tion, suppose  we  mount  two  ordinary  pie  plates,  each  on  a 
shaft.  Holding  the  shaft  loosely  in  your  hand,  set  one 


clutch  operates. 


Fig.  524.  A view  of  a modern  automobile  chassis  to  show  the  principal  parts. 


Air  filter  Gear  shift  Brake  drum 
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disc  spinning.  The  other  one  can  be  started  by  bringing  it 
into  contact  with  the  first  one.  This  is  the  principle  of  the 
single  disc  clutch  used  on  most  auto- 
mobiles. One  plate  is  fixed  to  the  fly- 
wheel, the  other  to  the  transmission 
gears.  Moving  the  two  plates  to- 
gether connects  the  flywheel  with  the 
transmission,  because  as  the  flywheel 
revolves,  it  carries  the  clutch  and 
gears  around  with  it.  This  occurs 
when  the  clutch  is  “out.”  Now  let 
us  see  how  the  transmission  gears 
are  shifted  to  provide  different  car 
speeds. 

If  you  will  examine  Figure  525,  you 
will  see  the  position  of  the  gears  when 
the  car  is  in  neutral,  first  speed,  second 
speed,  high  speed,  and  reverse.  Note 
that  in  neutral,  gear  A on  the  shaft 
connected  with  the  clutch  is  meshed 
with  a gear  on  the  countershaft  (B). 
None  of  the  gears  on  the  countershaft, 
however,  are  meshed  with  gears  on  the 
drive  shaft;  thus,  no  power  is  trans- 
mitted to  the  rear  wheels. 

The  gears  on  the  drive  shaft  are 
sliding  gears  and  can  be  moved  back 
and  forth  on  the  shaft  by  the  gear- 
shift lever.  When  shifting  into  “low,” 
the  clutch  pedal  is  depressed  to  dis- 
connect the  engine  from  the  gears,  and 
gear  Y is  slid  so  that  it  is  meshed  with 
gear  D on  the  countershaft.  The  drive 
is  therefore  as  follows:  Gear  A drives  gear  B,  which  turns 
the  countershaft  upon  which  is  gear  D.  Gear  D drives  gear 
Y which  turns  the  drive  shaft.  If  you  examine  the  other 
parts  of  the  figure,  you  will  see  what  happens  in  intermediate. 


REVERSE 
Fig.  525.  Gear  shifts. 
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or  second,  speed.  When  the  car  is  shifted  into  “high,”  gear 
X is  pushed  forward  to  mesh  with  gear  A.  The  drive  shaft 
then  rotates  in  the  same  direction  and  at  the  same  speed 
as  the  crankshaft. 

Perhaps  you  wonder  why  it  is  necessary  to  shift  the  gears 
and  why  the  gears  are  of  different  sizes.  You  remember 
from  your  study  of  machines  that  force  is  gained  by  sac- 
rificing speed.  Let 
us  see  how  this  is 
applied  in  the  auto- 
mobile. When  the 
car  is  in  “low,”  gear 
D is  much  smaller 
than  gear  Y,  which 
it  drives.  This 
means,  of  course, 
that  the  drive  shaft 
will  move  much 
more  slowly  than 
the  countershaft  or 
the  crankshaft.  It 
is  therefore  possible 
to  exert  a greater 
force  on  the  drive 
shaft.  In  other  words,  this  secures  a mechanical  advantage 
of  force  (page  465).  You  will  observe  that  gears  X and  C, 
which  are  engaged  when  the  car  is  in  “ intermediate,  ” are  nearly 
the  same  size.  This  decreases  the  mechanical  advantage, 
but  not  as  much  force  is  needed  to  keep  the  car  moving 
as  to  put  it  in  motion. 

The  power  is  transmitted  to  the  rear  wheels  by  the  propeller 
or  driving  shaft.  Since  the  propeller  shaft  turns  in  a direction 
different  from  that  of  the  rear  wheels,  another  system  of  gears 
is  necessary  to  change  the  direction  of  the  motion.  This 
change  of  direction  is  accomplished  by  the  differential,  which 
is  the  large  round  part  in  the  middle  of  the  rear  axle  (Figure 
526).  The  differential  also  permits  one  rear  wheel  to  go  faster 


Fig.  526.  Differential  gears.  The  gears  which 
make  possible  the  difference  in  speed  of  the  rear 
wheels  are  inclosed  in  the  casing  at  the  right  of 
large  gear.  (Studebaker  Corporation.) 


644 


EVERYDAY  PROBLEMS  IN  SCIENCE 


than  the  other,  which  is,  of  course,  necessary  when  the  car 
is  going  around  a corner.  Why? 

How  are  street-cars  propelled?  Street-cars  are  usually 
operated  on  a direct  current.  This  current  is  produced  in  a 
power  house  and  sent  out  over  the  feeder  line,  to  which  is 
connected  the  trolley  wire.  The  current  passes  down  from 
the  trolley  wire,  through  the  trolley  and  the  controller  into 
the  motors,  and  back  into  the  rails  which  are  connected  with 

the  other  pole  of  the  gen- 
^°Vox‘'  erator  (Figure  527).  Since 

the  armature  of  the  motor 
runs  at  a high  speed,  it  is 
necessary  to  transmit  the 
power  to  the  axle  of  the 
driving  wheels  by  gears. 
The  gear  on  the  axle  usu- 
ally is  four  times  as  large 
as  the  gear  on  the  shaft  of 
the  armature.  The  speed 
of  the  axle  is  thus  but  one- 
fourth  that  of  the  arma- 
ture. The  current  strength 
is  regulated  by  a rheostat 
or  resistance  coils  in  the 
controller.  When  the  mo- 
tors (there  are  two  on  a street-car)  are  started,  the  resist- 
ance is  all  in.  Then,  by  moving  the  lever  the  resistance  is 
gradually  decreased  and  the  current  strength  is  increased. 
This,  of  course,  increases  the  speed  of  the  car. 

Suggested  Activities.  1.  Newspapers,  magazines,  and  auto- 
mobile catalogues  frequently  contain  drawings  which  show  the  con- 
struction and  operation  of  the  various  systems  of  the  automobile. 
Collect  such  material  and  explain  the  operation  of  these  systems. 

2.  Visit  a garage.  You  will  frequently  find  partly  dismantled 
automobiles  which  you  can  examine.  The  junk  pile  of  many  garages 
will  also  supply  automobile  parts  which  may  help  you  to  under- 
stand how  they  operate. 


Fig.  527.  The  motor  gear  connects 
with  a gear  on  the  centre  of  the  axle  of 
the  trolley  wheels. 
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Self-testing  exercise  1.  Trace  the  power  of  exploding  gas  from 
the  piston  of  the  engine  to  the  rear  wheels  of  an  automobile.  Make 
a statement  outline  of  each  step  in  proper  order. 

Self-testing  exercise  2.  Compare  the  transmission  of  power  in  the 
locomotive  with  the  transmission  of  power  in  the  automobile. 

Problem  2:  How  Are  Boats  and 
Ships  Operated? 

Study  Suggestion.  There  are  three  main 
problems  in  the  use  of  water  for  transportation: 

(1)  the  construction  of  a ship  or  boat  which 
will  float  on  the  water  and  carry  a load,  (2)  the 
propulsion  of  the  ship  through  the  water,  and 
(3)  the  navigation  of  the  ship  across  the  path- 
less water.  Keep  these  three  problems  in  mind. 

Why  can  ships  float  on  water?  Primitive 
man  probably  did  not  spend  much  time 
wondering  why  his  boat  floated;  he  was 
satisfied  that  it  did.  It  is  easy  for  you  to 
see  why  wooden  ships  float,  because  you 
know  that  if  you  throw  a piece  of  wood 
on  the  water  it  will  not  sink.  It  is  perhaps 
not  so  easy  to  understand  why  boats  made 
of  iron,  steel,  or  concrete  float,  because 
these  materials  will  sink  when  placed  in 
water.  If  you  roll  a piece  of  tinfoil  into  a 
ball  and  place  it  in  water,  it  will  sink.  If 
you  then  unroll  the  tinfoil  and  bend  it  up 
so  as  to  make  a little  boat,  it  will  float.  If  you  can  explain 
why  it  sinks  when  rolled  into  a ball  and  why  it  floats  when 
smoothed  out  and  made  into  a boat,  you  will  be  able  to  ex- 
plain why  iron  and  steel  ships  float. 

Perhaps  you  have  noticed  that  you  can  lift  yourself  very 
easily  in  the  water.  You  seem  to  weigh  much  less. 

Experiment  131.  Do  materials  weigh  less  in  water  than  in  air? 

(a)  Suspend  a stone  or  piece  of  iron  from  a spring  balance,  and 
record  the  weight,  (b)  Lower  the  stone  or  piece  of  iron  into  a jar 


Fig.  528. 
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of  water  until  it  is  completely  covered,  and  again  note  the  weight 
(Figure  528).  Does  it  weigh  the  same  as  it  did  in  air? 

From  your  experiment  you  see  that  the  stone  or  the  iron 
weighs  less  in  water  than  in  the  air.  The  water  must  over- 
come part  of  the  force  of  gravity,  because  the  amount  of 
material  is  the  same.  This  lifting  force  of  water  on  a body 
placed  in  it  is  called  buoyancy.  When  an  object  is  placed  on 
water,  there  are  two  forces  acting  upon  it.  There  is  the  pull 
of  gravity  which  tends  to  make  it  sink,  and  there  is  the  lifting 

effect  of  the  water  which  tends  to 
make  it  float.  If  the  pull  of  gravity 
is  greater  than  the  lifting  effect 
of  the  water,  the  body  sinks.  If 
the  upward  force  of  the  water  is 
greater  than  the  weight  of  the 
body  in  air,  it  then  floats. 

Experiment  132.  Why  does  wood 
float?  (a)  Obtain  a block  of  wood 
10x10x10  centimetres,  and  weigh 
it  in  grams.  Calculate  the  weight  of  wood  per  cubic  centimetre. 

{h)  Completely  fill  with  water  a jar  or  beaker  somewhat  larger 
than  the  block  of  wood,  and  place  the  beaker  in  a pan. 

{c)  Place  the  block  of  wood  in  the  water  (Figure  529).  Observe 
that  it  sinks  a little  and  pushes  aside,  or  displaces,  some  of  the 
water,  which  overflows  into  the  pan. 

{d)  Measure  the  number  of  cubic  centimetres  of  water  which 
were  displaced.  A cubic  centimetre  of  water  weighs  one  gram;  so 
the  weight  of  the  water  displaced  will  be  the  same  number  of  grams 
as  cubic  centimetres.  Compare  the  weight  of  the  water  displaced 
with  that  of  the  block  of  wood.  (Keep  in  mind  that  a little  of  the 
water  displaced  sticks  to  the  walls  of  the  vessel.) 

Experiment  132  shows  you  two  facts:  (1)  the  wood  sinks 
in  the  water  until  it  displaces  an  amount  of  water  equal  to 
its  own  weight,  which  means  that  the  buoyant  force  of  the 
water  is  equal  to  the  weight  of  the  water  displaced;  (2)  a 
cubic  centimetre  of  wood  weighs  less  than  a cubic  centimetre 


Fig.  529 
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of  water.  Since  the  wood  does  not  weigh  as  much  as  an  equal 
volume  of  water,  it  sinks  only  part  way,  until  it  displaces  its 
own  weight.  Part  of  the  wood,  therefore,  remains  above  the 
surface  of  the  water.  If  you  repeat  Experiment  132,  using  a 
piece  of  iron  or  a stone  instead  of  a piece  of  wood,  you  get 
somewhat  different  results. 

Experiment  133.  Why  do  iron  and  stone  sink  when  placed  in 
water?  Repeat  Experiment  132,  using  a piece  of  iron  or  stone. 
What  are  your  results?  Compare  them  with  those  that  you  obtained 
in  Experiment  132. 

In  this  experiment  you  find  that  the  weight  of  the  water 
displaced  is  less  than  the  weight  of  the  iron  or  stone.  Since 
the  upward  or  buoyant  force  is  equal  to  the  weight  of  the 
water  displaced,  the  iron  or  stone  sinks,  because  the  lifting 
force  is  not  equal  to  the  weight  of  the  iron  or  stone.  Floating 
objects  always  sink  in  water  until  they  have  displaced  their 
own  weight.  Objects  heavier  than  water  always  sink,  be- 
cause their  weight  is  greater  than  the  weight  of  water  they 
can  displace. 

Steel  ships  float  because  the  average  weight  of  each  cubic 
centimetre  or  cubic  foot  of  the  ship  is  less  than  the  weight  of 
a cubic  centimetre  or  cubic  foot  of  water.  You  can  see  why 
the  average  weight  of  each  cubic  foot  of  the  ship  is  less  than 
the  weight  of  an  equal  volume  of  water  if  you  will  picture 
the  whole  ship.  The  ship  contains  thousands  of  cubic  feet 
of  air  space  in  it.  For  example,  the  walls  of  a compartment 
may  be  made  of  steel,  but  the  average  weight  is  determined 
not  only  by  the  walls  but  by  the  space  enclosed  by  the  walls. 
Since  air  weighs  but  very  little  per  cubic  foot,  the  average 
weight  of  the  walls  and  the  enclosed  air  space  can  easily  be 
less  than  the  weight  of  an  equivalent  volume  of  water. 

According  to  our  experiments,  objects  will  either  float  on 
water  or  sink  to  the  bottom.  The  submarine,  however,  can 
float  on  the  water  or  can  be  submerged  beneath  the  water  at 
different  depths  without  sinking  to  the  bottom.  Let  us  see 
how  this  is  possible. 
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Experiment  134.  How  can  objects  be  made  to  rise  or  sink  in 
water?  Obtain  a long,  straight-sided  jar  (if  this  is  not  available,  a 
large  fruit  jar  will  serve)  and  fill  it  almost  full  of  water.  Fill  a small 
test  tube  about  half  full  of  water,  put  your  thumb  over  the  open 
end  of  the  tube,  and  place  it  mouth  downward  in  the  jar.  If  it 
sinks,  there  is  too  much  water  in  the  test  tube,  and  some  should  be 
poured  out.  If  it  floats  high  in  the  water,  more  water  should  be 
added  to  the  test  tube.  The  amount  of  water  should  be  so  regulated, 
that  it  will  just  float.  Now  tie  a piece  of  rubber  dam  (inner  tube  of 
a tire  will  do)  over  the  jar.  Press  on  the  rubber.  If  the  correct 
balance  of  air  and  water  has  been  obtained  in  the  tube,  the  tube  will 
sink  to  the  bottom.  Now  release  the  pressure  on  the  rubber.  What 
happens? 

The  behavior  of  the  test  tube  is  easy  to  explain.  If  the  cor- 
rect proportion  of  air  and  water  is  obtained  in  the  test  tube, 
the  average  density  of  the  test  tube  is  just  a small  fraction 
less  than  the  density  of  water;  therefore,  it  floats.  When 
the  rubber  dam  is  pressed  down,  the  increased  pressure 
forces  water  into  the  test  tube,  compressing  the  air.  The 
average  density  of  the  tube  and  its  contents  now  becomes 
greater  than  the  density  of  water,  and  the  test  tube  sinks. 
When  the  pressure  on  the  water  is  released,  the  compressed 
air  in  the  tube  forces  out  the  water  that  was  pushed  in  by 
the  pressure,  and  the  original  density  of  the  tube  is  again 
restored. 

A submarine  is  equipped  with  huge  ballast  tanks  at  various 
places.  When  the  boat  is  on  the  surface,  these  tanks  are 
filled  with  air.  When  the  submarine  is  ready  to  submerge, 
the  tanks  are  allowed  partially  to  fill  with  water,  thus  in- 
creasing the  average  density  of  the  boat.  Water  is  admitted 
until  the  average  density  is  just  slightly  greater  than  water; 
therefore,  the  submarine  sinks.  It  would  sink  all  of  the  way 
to  the  bottom  if  it  were  not  for  the  rudders  and  propeller. 
The  propeller  forces  the  boat  through  the  water.  When  the 
rudder  vanes  on  the  sides  of  the  boat  are  adjusted  at  a diving 
angle,  the  boat  goes  deeper  in  the  water.  When  the  vanes  are 
horizontal,  the  boat  continues  to  travel  at  the  same  depth. 
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To  bring  the  boat  to  the  surface,  compressed  air  is  forced 
from  storage  tanks  into  the  ballast  tanks,  driving  out  the 
water  so  that  the  average  density  of  the  boat  is  decreased, 
making  it  lighter  than  water,  and  the  rudder  vanes  are  so 
adjusted  that  the  boat  turns  upward. 

Suggested  Activity.  Obtain  a tin  can.  Calculate  how  much 
weight  can  be  put  in  the  can  so  that  it  will  just  float.  After  you 
finish  your  calculations,  add  this  weight  in  the  form  of  sand,  and 
find  whether  your  calculations  were  correct. 


Fig.  530.  How  sailing  ships  are  able  to  travel  in  the  direction  from 
which  the  wind  is  blowing. 


How  are  ships  propelled?  Skaters  often  use  the  force  of 
the  wind  to  blow  them  over  the  ice.  Coming  against  the 
wind,  they  have  to  use  their  own  energy,  because  they  do 
not  know  how  to  make  the  wind  drive  them  back  against  it. 
Sailors  found  long  ago  that  they  could  not  wait  for  the  wind 
to  blow  in  the  direction  they  wished  to  go.  They  learned  how 
to  harness  the  wind  and  make  it  drive  them  where  they  willed. 
Sailing  into  the  wind  is  simply  a matter  of  adjusting  the 
position  of  the  sail  and  rudder  so  that  the  angle  at  which  the 
wind  strikes  the  sail  is  changed  (Figure  530). 

It  is  of  course  impossible  to  sail  in  exactly  the  same  direc- 
tion from  which  the  wind  blows.  For  example,  if  the  wind 
were  due  north,  and  one  wished  to  travel  due  north,  it  would 
be  necessary  to  tack,  that  is,  to  sail  northeast  or  northwest. 
By  first  sailing  slightly  northeast  and  then  changing  the 
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sail  so  as  to  travel 
northwest,  it  is  pos- 
sible to  maintain 
an  average  north- 
erly direction. 

Two  methods  of 
propelling  steam- 
ships are  in  com- 
mon use.  The  older 
method  is  that  of 
the  large  revolving 
wheel  fitted  with 
Fig.  531.  A “stern-wheeler.”  This  type  of  boat  broad  blades  or 
is  used  in  shallow  water  where  a screw  propeller  , , , ^ , 

will  not  work.  (Keystone  View  Co.)  paddles,  xhese 

may  be  located 

one  on  each  side  of  the  boat,  or  only  one  may  be  used  at  the 
stern  (Figure  531).  Since  water  has  inertia,  it  offers  resistance 
to  the  passing  of  the  blades  through  it.  (See  page  478.) 
Therefore,  as  the  wheel  turns  and 
the  blades  strike  the  water,  the 
boat  is  pushed  forward.  The  more 
modern  propeller  is  shaped  like 
the  curved  blades  of  an  electric 
fan  (Figures  532  and  533). 

Ships  may  be  driven  by  one, 
two,  or  three  screws,  or  propellers. 

If  driven  by  one  screw,  the  shaft 
from  the  engine  which  drives  the 
screw  issues  from  a hole  in  the 
stern  frame  in  front  of  the  rudder. 

If  two  screws  are  used,  one  is 
placed  on  each  side  of  the  stern 
frame.  If  three  screws  are  used, 
one  is  in  the  stern  frame,  and 

one  is  placed  on  each  side  of  the  p,„  532.  a portable  gas  engine 
Stern  frame.  A three-screw  ship  for  boats.  (Evinrude  Co.) 
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has  several  advantages  over  a one-screw  ship.  In  the  first 
place,  in  case  one  screw  is  disabled,  or  if  the  engine  which 
drives  it  breaks  down,  the  ship  can  still  be  propelled  by 
the  other  screws.  It  is  also  possible  to  drive  the  screws  at 
different  speeds,  so  that  the  ship  can  be  steered  without  a 
rudder.  This  is  especially  helpful  in  turning  the  ship. 

How  are  ships  navigated?  When  you  travel  on  land,  it 
is  comparatively  easy  to  find  your  way.  Roads  are  laid  out 


Fig.  533.  The  screw  propeller  and  rudder  are  clearly  visible  at  the  stern 
of  the  boat.  (Ewing  Galloway.) 


in  more  or  less  regular  lines,  and  so  well  marked  are  the  high- 
ways that  it  is  hardly  necessary  even  to  know  the  direc- 
tions. On  the  ocean,  travel  is  a different  matter.  When  land 
is  out  of  sight,  the  only  natural  direction-finders  are  the  sun 
by  day  and  the  stars  by  night.  Navigators  need  to  know, 
however,  their  exact  position,  so  that  they  may  be  sure  of 
travelling  toward  their  destination  in  a reasonably  direct 
route,  and  so  that  they  may  avoid  shallow  water  and  rocks. 

No  one  knows  exactly  when  or  where  the  compass  (Figure 
534)  originated,  but  history  tells  us  that  it  was  in  use  during 
the  twelfth  century.  The  compass  dial,  or  card,  was  divided 
into  thirty-two  parts  and  permanently  marked  before  the 
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close  of  the  fourteenth  century.  The  four  cardinal  points, 
north,  east,  south,  and  west  were,  of  course,  used  by  man 
thousands  of  years  ago. 

If  a piece  of  steel  is  magnetized  and  mounted  in  such  a 
way  that  it  may  move  freely,  one  end  of  it  will  point  in  a 
northerly  direction.  This  end  is  called  the  north-seeking 

pole  of  the  compass 
needle.  Without 
doubt  the  ancients 
believed  that  the 
compass  pointed  to 
true  north,  but  in 
most  places  on  the 
earth’s  surface  it 
really  points  sever- 
al degrees  to  the 
right  or  left  of  true 
north.  Experiment 
also  showed  that 
as  the  compass  was 
carried  north  or 
south  on  the  sur- 
face of  the  earth, 
the  needle  tilted  up 
or  down.  This  led 
scientists  to  believe  that  the  earth  possesses  magnetic  poles. 
Sir  James  Ross  in  1831  located  the  north  magnetic  pole 
of  the  earth.  At  that  point  the  north-seeking  end  of  the 
compass  needle  points  straight  down.  This  location  was 
found  to  be  about  1200  miles  from  the  geographical  north 
pole.  Because  of  the  difference  in  the  positions  of  the  mag- 
netic and  the  geographic  poles,  the  compass  needle  will  not 
point  true  north.  Since  1831  maps  have  been  constructed 
to  show  the  difference  between  true  north  and  the  magnetic 
north  (Figure  535)  and  between  true  south  and  the  magnetic 
south.  This  difference  is  called  the  magnetic  declination. 


Fig.  534.  A mariner’s  compass.  Underneath  the 
compass  card  is  a revolving  framework  to  which 
both  the  compass  needle  and  the  compass  card 
are  attached.  Therefore,  as  the  needle  is  pulled 
around,  the  card  moves  with  it.  In  the  mirror  at 
the  back,  the  helmsman  can  read  the  number  of 
degrees  that  the  card  has  revolved  to  the  east 
or  west. 
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The  compass  is  very  useful  to  steer  by,  but  it  does  not  tell 
you  how  far  you  have  travelled  or  where  you  are  located  at 
any  particular  time;  so,  other  instruments  have  been  invented 
to  give  this  information.  Columbus  had  no  idea  of  the 
distance  he  travelled,  because  he  had  no  way  of  measuring 
it.  The  first  device  for  measuring  distance  travelled  appeared 
early  in  the  seventeenth  century.  This  instrument  was 
called  the  log.  It  consisted  of  a stick  of  wood  attached  to  a 
rope.  On  the  rope 
were  knots  placed 
at  regular  intervals 
of  about  fifty  feet. 

When  navigators 
wished  to  find  out 
how  fast  the  ship 
was  going,  they 
threw  the  log  over- 
board, and  a sailor 
counted  the  num- 
ber of  knots  which  Fig.  535.  Magnetic  declination  in  Canada, 
slipped  through  his  If  ^ place  is  east  of  the  line  marked  0°,  the  com- 
, j . . pass  needle  will  point  west  of  true  north, 

hand  m a given 

time,  as  measured  by  a half-minute  sand  glass.  The  num- 
ber of  knots  which  passed  through  the  sailor’s  hand  in  the 
half  minute  represented  the  number  of  nautical  miles  made 
an  hour  by  the  boat.  The  nautical  mile  is  1.14  times  as 
long  as  the  ordinary  mile.  The  word  knot  is  generally  used 
by  sailors  to  mean  the  nautical  mile.  The  log  used  now  con- 
sists of  a steel  torpedo-shaped  rotator  attached  by  a cable 
to  a speedometer  on  the  ship’s  rail  (Figure  536).  The  speed 
at  which  the  rotator  turns  depends  upon  the  speed  of  the 
ship.  The  small  hand  on  the  recording  instrument  indicates 
the  rate  of  travel.  The  log,  when  used  in  connection  with 
the  compass,  furnishes  a rough  estimate  of  the  ship’s  posi- 
tion, but  this  method  is  always  checked  by  means  of  other 
more  accurate  instruments. 
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In  order  to  obtain  the  exact  position  of  a ship  it  is  neces- 
sary to  determine  its  latitude  and  longitude.  The  latitude 
fixes  the  distance  north  or  south  of  the  equator,  and  the 
longitude  fixes  the  distance  east  or  west  of  the  prime  meridian 
at  Greenwich.  (See  page  34.)  This  distance  is  measured  in 
terms  of  degrees  (°),  minutes  ('),  and  seconds  {").  By  means 

of  a map  navigators  may 
easily  determine  the  lati- 
tude and  longitude  of  dif- 
ferent places.  In  the  same 
manner  the  master  of  the 
ship,  having  once  deter- 
mined his  latitude  and  lon- 
gitude, can,  by  means  of 
the  map,  locate  his  exact 
position. 

Longitude  is  determined 
by  means  of  a chronometer 
and  a sextant.  The  chronom- 
eter is  simply  a very  ac- 
curate clock.  Usually  ships 
carry  two  chronometers ; 
one  is  set  according  to 
Greenwich  time  (see  page 
34),  and  the  other  shows 
ship  time,  that  is,  actual 
time  of  day  on  board  the 
ship.  The  sextant  is  an  in- 
strument used  to  measure  the  angle  of  the  sun  or  some  other 
heavenly  body  with  the  horizon  line  (Figure  537).  Just  be- 
fore noon,  according  to  ship  time,  one  of  the  ship’s  officers 
begins  his  observation  of  the  sun.  The  handle  for  the  right 
hand  is  held  in  a vertical  position,  and  the  horizon  line  is 
sighted  through  the  telescope.  Then  the  movable  arm  is 
adjusted  until  the  light  from  the  sun  is  reflected  by  the  upper 
mirror  to  the  horizon  line  in  the  horizon  mirror.  When  the  sun 
has  reached  its  highest  point,  it  will  be  exactly  12  noon. 


Fig.  536.  A mariner’s  log.  In  the  upper 
part  of  the  picture  is  shown  the  speed- 
ometer attached  to  the  ship’s  rail.  The 
cable  leads  out  to  the  rotator,  shown 
below.  As  this  rotator  is  dragged 
through  the  water,  it  revolves,  turning 
the  gears  in  the  speedometer. 
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Fig.  537.  How  the  sextant  is  used  in  determining  latitude. 


Comparison  is  then  made  between  ship  time  and  Greenwich 
time.  Suppose  that  Greenwich  time  is  11  a.m.  and  the  ship 
time  is  12  noon.  The  difference  in  time  is  one  hour.  This 
means  that  the  ship  is  at  15°  east  longitude.  (See  page  34.) 

The  latitude  is  determined  by  means  of  the  sextant.  You 
know  that  on  September  23d  and  March  21st  the  sun  is 
directly  over  the  equator  at  noon.  (See  pages  37-38).  It 
therefore  makes 
an  angle  of  90° 
with  the  hori- 
zontal (Figure 
538A).  . If  one 
were  located  at 
the  north  pole 
on  these  days, 
the  sun’s  rays 
would  be  hori- 
zontal; that  is, 
one  would  see 
the  sun  by  sight- 
ing directly  along  the  horizon.  If  one  were  halfway  between 
the  equator  and  the  North  Pole,  that  is,  45°  latitude,  the  angle 
of  the  sun’s  rays  would  make  an  angle  of  45°  with  the  hori- 
zontal (Figure  538B).  Therefore  on  these  two  days  the  latitude 


Line  Horizontal  to  Earth's  Surface  at  North  Pol« 
9o7' 

“'^Raqs  from  the  Sun^ 


North  Pole 

South  Pole 


Line  Horizontal  to 
Earths  Surface  at  Equator 

U) 

Line  Horizontal  to  Earth's  Surface  at  45®N.Lat 
Au  n\ 

^ (B) 

Fig.  538.  Determination  of  latitude  on  September 
23d  and  March  21st. 


South  Pole 
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may  be  determined  by  simply  measuring  the  angle  of  the 
sun’s  rays  with  the  horizontal  at  12  noon  and  subtracting  it 
from  90°.  Since,  however,  the  sun  is  not  always  directly  over 
the  equator,  it  is  necessary  to  correct  the  angle  according  to  the 
time  of  year.  Navigators  carry  charts  which  give  the  correc- 
tion for  each  day  of  the  year.  In  determining  the  latitude, 
therefore,  the  angle  of  the  sun  with  the  horizon  at  12  noon  is 
determined  with  the  sextant.  This  is  the  angle  between  the 
vertical  arm  and  the  movable  arm  when  the  sextant  is  cor- 
rectly sighted  at  noon.  This  angle  is  then  corrected  according 
to  the  time  of  year.  When  the  corrected  angle  is  obtained,  it  is 
only  necessary  to  look  in  the  tables  to  find  the  correct  latitude. 

At  night,  when  the  sun  is  not  visible,  the  navigator  obtains 
his  position  from  the  stars.  The  radio  and  the  radio  compass 
have  also  made  it  possible  for  the  ship  captain  to  work  out 
his  position  by  radio  or  to  obtain  it  from  radio  stations. 

Suggested  Activity.  Construct  a small  sailboat.  Adjust  the 
sails  so  that  the  boat  may  sail  as  nearly  as  possible  into  the  wind. 
Make  a drawing  showing  the  position  of  the  sail.  Repeat,  showing 
the  position  of  the  sail  when  the  boat  is  sailing  with  the  wind. 

Self-testing  exercise  3.  Write  an  answer  to  each  of  the  questions: 

(a)  Why  do  some  objects  sink,  while  others  float? 

(&)  How  do  propellers  push  a boat  through  the  water? 

(c)  A ship  captain  made  the  following  observations  of  his  posi- 
tion on  the  twenty-third  of  September:  ship  time,  12  noon;  Green- 
wich time,  9 A.M.;  position  of  sun  at  noon,  22°.  What  were  the 
latitude  and  longitude  of  the  ship?  (See  Figure  538). 

Problem  3:  How  Are  Balloons  and  Dirigibles 
Operated? 

Study  Suggestion.  In  the  last  problem  you  discovered  that 
water  will  buoy  up  objects  placed  in  it.  Air  also  exerts  a buoyant 
force  on  objects,  equal  to  the  weight  of  the  air  displaced.  How  this 
buoyant  force  of  air  is  utilized  is  now  your  problem. 

How  are  balloons  and  dirigibles  constructed  so  that  they 
will  float  in  the  air?  The  construction  of  a device  which  will 
float  in  the  air  is  quite  different  in  one  respect  from  the 
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construction  of  devices  to  float  on  water.  In  the  first  place, 
the  density  of  air  is  much  less  than  that  of  water.  A cubic 
foot  of  water  weighs  62.4  pounds,  while  a cubic  foot  of  air 
weighs  approximately  .08  of  a pound.  (The  weight  of  air, 
of  course,  varies  with  the  temperature  and  the  pressure.) 
In  the  second  place,  water  is  practically  incompressible; 
hence,  it  weighs  practically  the  same  at  all  depths.  Air,  on 
the  other  hand,  is  compressible.  The  weight  of  a cubic  foot 
of  air  at  sea-level  is  much  greater  than 
the  weight  of  a cubic  foot  of  air  1000 
feet  above  sea-level.  Keeping  these 
differences  in  mind,  let  us  now  per- 
form an  experiment. 

Experiment  135.  What  kinds  of  ma- 
terials must  be  used  to  inflate  balloons? 

(a)  Make  some  soapy  water  by  dissolv- 
ing soap  in  warm  water  and  adding  a 
little  glycerine.  Make  a large  soap  bub- 
ble and  shake  it  off  the  pipe.  Does  it 
rise  or  sink? 

ih)  Attach  a soap-bubble  pipe  to  the  gas  jet  by  a rubber  tube. 
Dip  the  bowl  of  the  pipe  (mouth  downward)  in  the  soapy  water  and 
turn  the  gas  on  slowly.  When  the  soap  bubble  gets  to  be  about  four 
inches  in  diameter,  shake  it  off.  Does  the  bubble  rise  or  fall?  The 
weight  of  a cubic  foot  of  illuminating  gas  is  about  .04  pound.  Ex- 
plain why  the  bubble  falls  when  filled  with  air  from  your  lungs  but 
rises  when  filled  with  gas. 

(c)  Generate  a gallon  bottle  of  hydrogen.  To  do  this,  place 
about  10  grams  of  zinc  in  the  bottle  and  add  20  cubic  centimetres 
of  hydrochloric  acid.  Place  the  stopper  in  the  bottle,  as  shown  in 
Figure  540,  but  do  not  connect  the  rubber  tube  with  the  faucet. 
After  a few  minutes  connect  the  tube  which  goes  to  the  bottom  of 
the  bottle  to  the  faucet,  and  connect  the  other  tube  to  a rubber 
balloon.  When  the  faucet  is  opened,  the  water  will  force  the  hydro- 
gen out  of  the  bottle  into  the  balloon.  As  soon  as  the  balloon  is 
completely  inflated,  pinch  the  end  of  it  and  tie  it  securely.  Take  it 
outdoors,  release  it,  and  see  how  high  it  goes. 


To  Faucet 


Fig.  539.  Experiment  135. 


658 


EVERYDAY  PROBLEMS  IN  SCIENCE 


One  thousand  cubic  feet  of  air  at  a pressure  of  thirty  inches 
of  mercury  and  a temperature  of  60°  F.  weigh  about  75  pounds. 
One  thousand  cubic  feet  of  coal  gas  at  the  same  temperature 
and  pressure  weigh  but  37^  pounds.  The  same  volume  of 
hydrogen  weighs  but  five  pounds.  The  lifting  force  of  the 
gas  in  the  balloon  is  the  difference  between  the  weight  of  air 
and  the  weight  of  the  same  volume  of  gas.  For  example,  in  air 
the  lifting  power  of  hydrogen  is  70  pounds  per  thousand  cubic 
feet.  Why?  What  is  the  lifting  power  of  1000  cubic  feet  of 
coal  gas? 

In  order  to  calculate  how  heavy  a load  a balloon  can  lift, 
you  must  know  four  things:  the  weight  of  the  balloon,  its 
volume,  the  weight  of  the  air  it  displaces,  and  the  weight 
of  the  gas  used  to  inflate  it.  Suppose  you  wish  to  find  the 
lifting  power  of  a balloon  inflated  with  hydrogen,  the  volume 
of  which  is  100,000  cubic  feet,  and  the  weight  1000  pounds. 
To  see  how  this  is  done,  arrange  your  data  as  shown  below. 

Weight  of  balloon . . 1000  pounds  Weight  of  air  dis- 
Weight  of  100,000  placed  (100X75)  7500  pounds 

cu.  ft.  of  hydrogen  Total  weight  of  bal- 

(100X5) 500  pounds  loon  and  gas.  . . . 1500  pounds 


Total  weight  of  bal-  Lifting  power  of  bal- 
loon and  gas.  . . .1500  pounds  loon 6000  pounds 

The  dirigible  balloon  must  be  long  and  pointed,  with  a 
streamline,  so  that  it  may  be  driven  into  the  wind  (Figure 
540).  The  bag  must  also  be  rigidly  constructed,  or  nearly  so. 
In  one  type  of  airship  the  bag  is  attached  on  the  outside  of 
a framework  of  aluminum  which  makes  the  bag  rigid.  An- 
other type  contains  gas  bags,  which,  as  the  gas  escapes,  may 
be  pumped  full  of  air.  The  dirigible  is  propelled  by  gasoline 
engines  which  drive  propellers,  and  is  steered  by  a huge 
rudder  at  its  rear.  The  first  to  cross  the  Atlantic  was  the 
British  dirigible  R-34,  in  July,  1919.  This  ship  was  640  feet 
long  with  five  engines  developing  1000  horsepower.  Other 
British  ships  were  built  later,  but  with  the  loss  of  the  R-lOO, 
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famous  for  its  crossing  to  Montreal  in  1930,  Britain  has 
turned  altogether  to  airplanes.  The  Graf  Zeppelin,  another 
of  the  large  dirigibles,  is  776.4  feet  long.  This  ship  has 
travelled  around  the  world  several  times. 

The  chief  danger  of  dirigibles  and  balloons  is  that  of  fire. 
Until  a recent  date  the  bags  were  always  inflated  with  in- 
flammable materials.  In  the  search  for  a gas  which  was  lighter 


Fig.  540.  The  R-lOO  at  its  mooring  mast,  St.  Hubert,  Quebec. 
(Canadian  National  Railways.) 


than  air  and  which  would  not  burn,  it  was  found  that  helium 
gas,  which  has  a lifting  power  ninety-two  per  cent  as  great  as 
hydrogen,  could  be  used.  This  gas,  however,  was  too  expensive 
to  obtain  until  in  1919,  when  a process  was  perfected  in  the 
United  States  for  securing  it  from  natural  gas. 

How  are  balloons  and  dirigibles  controlled?  Let  us  now 
see  what  the  balloonist  does  when  he  goes  on  a trip.  First 
he  must  inflate  the  bag.  For  this  purpose  he  may  have  the 
bag  suspended  in  the  air,  or  it  may  be  lying  on  the  ground 
with  the  neck  underneath.  If  he  uses  hydrogen,  it  is  only 
necessary  to  let  the  gas  escape  from  big  steel  cylinders  which 
contain  the  hydrogen  under  great  pressure.  As  the  gas  rushes 
in,  the  bag  grows  larger  and  larger.  At  first  the  balloon 
displaces  but  little  air;  as  it  swells,  it  displaces  more  air. 
As  a rule  the  bag  is  not  fully  inflated,  because  as  it  rises. 
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the  air  pressure  gets  less,  and  the  gas  in  the  balloon  expands. 
When  the  weight  of  the  air  displaced  is  greater  than  the 
weight  of  the  balloon,  the  bag  begins  to  tug  at  its  moorings, 
and  when  released,  it  shoots  up  into  the  air. 

As  it  ascends,  the  gas  inside  the  balloon  expands,  because 
the  air  pressure  outside  grows  less.  The  automatic  valve  in 


Fig.  541.  Stratosphere  flight.  The  scientists  in  this  balloon  reached 
a record  height  in  1935.  (National  Geographic  Society — Reproduced 
from  The  National  Geographic  Magazine  by  special  permission.) 


the  neck  of  the  balloon  opens  when  the  pressure  inside  gets  too 
great,  and  part  of  the  gas  escapes.  The  balloon  continues  to 
rise  until  it  reaches  a level  where  the  air  displaced  equals 
the  weight  of  the  balloon.  If  the  pilot  wishes  to  go  higher,  he 
can  throw  out  ballast.  This  usually  consists  of  bags  of  sand. 
Relieved  of  this  weight,  the  balloon  will  rise.  If  the  pilot  wishes 
to  float  at  a lower  level,  he  can  open  the  valve  and  allow 
part  of  the  gas  to  escape.  Since  the  volume  of  the  balloon  be- 
comes smaller,  and  therefore  its  average  weight  increases, 
it  must  sink  to  a lower  level  where  the  air  is  heavier.  Here  it 
again  displaces  a volume  of  air  heavier  than  its  own  weight. 

All  of  this  time  the  balloonist  is  at  the  mercy  of  the  wind. 
He  does  not  feel  the  slightest  air  movement,  because  his 
balloon  is  floating  along  at  the  same  rate  of  speed  as  the 
wind.  He  has  little  means  of  telling  how  fast  he  is  going 
or  in  what  direction.  As  the  balloon  travels,  it  generally 


HOW  MAN  PROVIDES  TRANSPORTATION 


661 


revolves  slowly;  therefore  the  compass  does  not  tell  the  pilot 
his  direction.  If  it  were  not  for  the  leakage  of  gas,  a balloon 
could  remain  in  the  air  indefinitely.  But  because  of  this 
leakage  it  must  finally  come 
down.  When  it  nears  the 
ground,  the  heavy  trail  rope  is 
of  great  assistance  in  making 
a good  landing.  When  the  bal- 
loon comes  so  low  that  the  rope 
touches  the  ground,  the  balloon 
is  relieved  of  part  of  its  weight 
and  becomes  more  buoyant. 

The  dragging  trail  rope  also  cuts 
down  the  speed  of  the  balloon. 

One  sometimes  sees  a bal- 
loonist jump  from  the  balloon 
and  descend  in  a parachute. 

The  parachute  is  a large 
umbrella-like  structure  (Figure 
542)  which  is  opened  by  the 
air  as  the  balloonist  falls.  The 
resistance  of  the  air  buoys  it 
up,  causing  a gentle  descent. 

The  dirigible  differs  from  the  ordinary  balloon  in  that  the 
direction  of  its  flight  can  be  controlled.  It  is  equipped  with 
powerful  motors  operating  propellers  which  force  it  through 
the  air.  By  means  of  huge  rudders  at  the  stern  of  the  boat 
it  is  possible  to  drive  the  dirigible  upward,  downward,  or  in 
a horizontal  direction  as  well  as  to  turn  it  from  side  to  side. 

Suggested  Activity.  Look  up  the  history  of  the  balloon  in  one 
of  the  reference  books  on  page  668. 

Self-testing  exercise  4.  (a)  When  a balloon  is  filled  with  a gas 

which  is  lighter  than  air,  why  does  it  rise? 

(&)  What  determines  the  height  to  which  a balloon  will  rise? 

(c)  What  does  the  balloonist  do  when  he  wishes  to  go  higher? 
Explain  your  answer. 

{d)  Compare  a balloon  and  a dirigible. 
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Problem  4:  How  Are  Airplanes  Able  to  Remain  Afloat? 

Study  Suggestion.  Before  beginning  this  problem,  refer  to 
Experiment  30,  page  188.  Then  read  the  self-testing  exercise  on 
page  666  and  use  this  as  a guide  in  studying  the  text. 

How  is  an  airplane  constructed?  The  airplane  has  been 
closely  modelled  after  the  form  and  structure  of  the  bird.  The 
weight  of  its  body  is  centered  near  the  front,  which  counter- 
balances any  tendency  to  whirl  over  backward.  Its  wings  are 
arched,  with  concave  side  downward,  and  are  thicker  in  the 
front  than  in  the  back.  The  body  tapers  toward  the  ends.  This 
cuts  down  air  resistance  exactly  as  the  body  and  head  of  a 
bird  do.  Its  tail  balances  the  effect  of  the  wind  on  the  planes  so 
as  to  keep  an  even  keel,  and  furnishes  the  means  of  steering. 

Airplanes  are  always  driven  with  powerful  engines,  because 
to  remain  in  the  air  it  is  necessary  to  keep  a speed  of  sixty 
miles  an  hour  or  more.  The  propeller  cuts  through  the  air  at 
the  rate  of  fifteen  hundred  or  more  revolutions  a minute.  Its 
action  is  like  that  of  a screw.  If  you  start  a screw  into  a 
block  of  wood  and  turn  it  with  a screw  driver,  its  curved 
edges  will  cut  through  the  wood,  pulling  the  screw  deeper 
and  deeper  into  the  wood.  The  blades  of  the  propeller  are 
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curved  in  somewhat  the  same  manner,  and  as  they  revolve 
they  cut  deeper  and  deeper  into  the  air,  pulling  the  airplane 
with  them.  Although  the  air  is  not  solid  like  wood,  its  re- 
sistance or  inertia  is  great  enough  so  that  the  propeller  works 
its  way  through  it  like  a screw  with  every  revolution. 

How  does  an  airplane  fly? 

If  you  have  stood  near  the 
tracks  when  a rapidly  mov- 
ing train  goes  past,  you  have 
observed  that  as  the  rear  of 
the  train  passes,  there  is  a 
tremendous  wind  in  the  di- 
rection of  the  train.  This 
wind  is  the  result  of  a par- 
tial vacuum  formed  by  the 
train.  The  train  forces  its 
way  through  the  air  at  high 
speed,  and  the  air  behind 
the  train  is  forced  into  the 
partial  vacuum  created  as 
the  train  moves  onward.  A 
similar  condition  is  created 
above  and  below  the  wings  as  the  airplane  rushes  forward. 

Since  an  airplane  weighs  much  more  than  the  air  which  it 
displaces,  it  is  evident  that  some  upward  force  to  counteract 
the  force  of  gravity  must  be  obtained.  This  upward  force  is 
secured  through  the  proper  wing  construction.  Figure  544 
shows  a side  view  of  the  wings  or  planes.  You  will  observe 
that  the  wing  surface  is  convex,  that  is,  rounded  upward. 
As  the  propellers  draw  the  airplane  through  the  air,  a terrific 
wind  strikes  the  plane.  When  an  airplane  is  flying  through 
the  air  at  one  hundred  miles  an  hour,  the  force  of  the  wind 
against  it  is  the  same  as  if  it  were  stationary  and  a hundred- 
mile  gale  were  blowing.  The  “hump”  on  the  front  edge  of 
the  plane  throws  the  currents  of  air  upward  above  the  plane, 
as  shown  in  the  figure.  This  creates  a partial  vacuum  above 


Fig.  544.  How  the  wing  construction 
of  the  airplane  causes  a partial  vacuum 
above  the  wing  when  the  plane  is  trav- 
elling at  high  speed. 
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the  plane.  The  air  pressure  beneath  the  wing  is  therefore 
greater  than  the  air  pressure  above  the  wing. 

It  is  this  difference  between  the  pressure  on  top  of  the 
wing  and  that  on  the  bottom  which  produces  most  of  the  lifting 
force.  The  greater  the  speed  of  the  plane,  the  greater  the 

difference  of  pressure. 
You  can  now  see  why 
the  airplane  must  be  kept 
in  motion.  If  the  air- 
plane were  not  moving, 
there  would  be  no  differ- 
ence of  pressure  devel- 
oped, and  hence  there 
would  be  no  lifting  force. 

The  upward  and 
downward  course  of  the 
airplane  is  governed  by 
the  elevator.  The  planes 
themselves  are  not 
placed  at  a great  enough 
angle  for  the  machine  to 
“take  off”  when  it  is  on 
the  ground.  When  the 
aviator  wishes  to  ascend, 
the  engine  is  started. 
Fig.  545.  Use  of  the  elevators  in  ascend-  and  the  propeller  pulls 
ing  and  descending.  ,.  , . 

the  machine  along  the 
ground.  When  the  pilot  is  sure  that  the  plane  has  gained 
sufficient  speed,  he  pulls  the  proper  lever,  which  lowers  the 
elevator.  The  elevator  is  a small,  movable  plane  or  rudder 
located  on  the  tail.  When  it  is  lowered  (Figure  545),  the 
pressure  of  the  wind  pushes  the  tail  of  the  plane  off  the 
ground.  If  the  elevator  is  now  raised,  the  pressure  of  the 
wind  pushes  the  tail  down  and  the  head  up  (Figure  545). 
This  allows  the  wind  to  strike  the  underside  of  the  planes. 
The  force  of  the  wind  lifts  the  airplane  as  it  does  the  kite. 
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In  descending,  the  elevator  is  lowered  and  the  wind  pressure 
lifts  the  tail  and  lowers  the  front  planes,  thus  decreasing  the 
angle  at  which  the  wind  strikes  the  front  planes.  Moving 
up  and  down  or  flying  at  a level  is  thus  accomplished  by  the 
raising  or  lowering  of  the  elevator. 

The  airplane  is  steered  largely  by  means  of  the  vertical 
rudder  or  rudders.  These  offer  resistance  to  the  air  current, 
just  as  the  elevators  do.  By  moving  them  to  the  right  or  left, 
the  pilot  can  change  the  direction  of  the  plane. 


Fig.  546.  The  autogiro,  as  it  is  called,  was  invented  by  Juan  de  la 
Cierva,  a Spaniard.  The  windmill-like  blades  operate  solely  in  taking 
off,  in  landing,  and  in  remaining  stationary  in  the  air.  In  this  picture 
the  propeller  is  revolving,  as  shown  by  the  white  blur  at  the  nose  of 
the  plane.  (Underwood  and  Underwood.) 

A comparatively  recent  development  of  the  airplane  is  the 
autogiro  (Figure  546).  In  appearance  it  is  similar  to  the 
ordinary  monoplane  with  the  exception  of  four  rotating 
blades  above  the  ship.  When  the  airplane  is  ready  to  take  off, 
the  propeller  is  set  in  motion  and  also  these  blades.  The  rotat- 
ing blades  provide  a lifting  effect  which  makes  it  possible 
to  take  off  in  a much  shorter  distance  than  with  the  regular 
airplane.  When  the  autogiro  is  in  the  air,  the  blades  are  kept 
spinning  by  the  wind  which  strikes  them  as  the  plane  moves 
forward.  It  is  possible  to  land  in  a much  smaller  area  with 
the  autogiro  than  with  an  ordinary  airplane. 
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Self-testing  exercise  5.  Outline  the  things  an  aviator  must  do 
to  “take  off,”  ascend  to  an  altitude  of  1000  feet,  fly  at  this  level  for 
a mile,  and  then  return  to  his  starting  place.  Include  in  your  outline 
an  explanation  of  how  the  force  necessary  to  lift  the  plane  is  obtained. 

Summary  exercise  on  Unit  XVII.  State  in  sentence  form  each  of 
the  principles  or  big  ideas  of  science  that  you  have  learned  from  your 
study  of  this  unit. 

Additional  Exercises 

1.  State  the  advantages  and  disadvantages  of  transportation  by 
land,  by  water,  and  by  air. 

2.  Why  is  it  easier  to  float  in  water  if  you  take  a deep  breath? 

3.  Is  it  easier  to  swim  in  fresh  water  or  salt  water?  Explain. 

4.  A flat-bottomed  barge  is  twenty-five  feet  wide  and  one 
hundred  feet  long.  How  many  thousand  pounds  of  stone  must  be 
loaded  to  make  it  sink  one  foot  more? 

5.  If  you  can  just  float  in  water,  what  is  the  volume  of  your 
body?  (Of  course  you  know  your  own  weight.) 

6.  If  you  are  on  the  east  side  of  a lake  in  a sailboat  and  the 
wind  comes  from  the  west,  how  can  you  cross  to  the  west  side? 

7.  If  you  have  ever  ridden  in  an  airplane,  write  a report  of  your 
experience. 

8.  Why  is  it  easier  to  steer  an  automobile  on  a muddy  road  when 
one  is  climbing  a hill  than  when  one  is  going  down  a hill? 

9.  Find  the  approximate  location  of  your  town  or  city  on  the 
map  shown  in  Figure  535.  About  what  is  the  magnetic  declina- 
tion? Is  it  east  or  west  declination? 

10.  How  can  an  aviator  determine  the  height  at  which  he  is 
flying? 

11.  Why  does  a balloon  rise  to  a certain  height  and  then  go  no 
farther  up? 

12.  Explain  the  effect  of  centrifugal  force  on  an  automobile 
when  it  turns  a corner  very  rapidly. 

13.  Why  are  roads  usually  banked  on  the  outside  turn? 

14.  Find  out  what  the  traffic  regulations  are  in  your  community. 

15.  Find  out  how  railway  signals  operate. 

16.  Explain  how  paper  balloons  sent  up  on  holidays  are 
able  to  float  in  the  air. 

17.  Why  is  it  dangerous  to  drive  fast  on  a wet  pavement? 

18.  Why  do  tractors  have  cleats  on  the  wheels? 
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Note  to  Students.  This  section  of  the  book  should  serve 
two  purposes.  First,  it  will  help  you  in  the  further  study  of 
any  problem  on  which  you  desire  more  knowledge  than  you 
can  obtain  in  the  textbook.  Second,  it  will  furnish  you  with 
many  interesting  topics  and  projects  for  additional  work 
which  you  may  wish  to  do. 

The  General  References  (page  668)  are  books  or  encyclo- 
pedias which  are  quite  general  in  nature  and  cover  a large 
part  of  the  field  of  science.  You  will  find  one  or  more  of  them 
in  most  libraries,  and,  by  referring  to  the  index  of  each,  you 
will  be  able  to  locate  references  on  almost  any  topic. 

Following  the  General  References  you  will  find,  beginning 
on  page  669,  Specific  References  on  Topics  for  Investigation. 
In  this  section  there  is  a long  list  of  books,  numbered  in 
order  and  covering  all  units  in  the  textbook.  Following  the 
list  of  books  are  Topics  for  Investigation,  with  Guide  to  the 
Specific  References  (page  686).  Under  the  title  of  each  unit 
you  will  find  various  topics  and  page  references  for  each 
topic.  Each  number  in  black  type  corresponds  with  the 
number  of  the  book  in  the  list  beginning  on  page  669;  the 
numbers  following  the  black  type  give  the  page  references  in 
the  book.  If  the  entire  book  is  devoted  to  the  topic,  no  page 
references  follow  the  number  of  the  book. 

Some  of  the  topics  under  each  unit  relate  to  matters  which 
you  have  studied  in  the  regular  work  on  the  unit,  and  may 
be  used  for  further  general  study  of  the  unit.  Other  topics 
you  will  recognize  as  new.  They  are,  however,  related  to 
the  particular  unit.  These  topics  will  provide  you  with 
interesting  subjects  and  activities  for  investigation  when 
you  find  time  in  class  or  during  out-of-school  hours.  You 
may  wish  to  investigate  some  of  these  topics  and  prepare 
reports  to  be  presented  to  your  class. 
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At  the  end  of  the  list  of  topics  for  investigation  on  each 
unit  you  will  find  the  names  of  certain  leading  scientists  who 
have  helped  the  world  to  understand  the  ideas  included  in 
this  unit.  Following  the  names  of  these  scientists,  you  will 
be  referred  to  a special  list  of  Biographies  of  Leading  Scientists 
(pages  706-709).  In  this  list  you  will  observe,  following  the 
title  of  each  book,  the  names  of  some  of  the  scientists  who 
are  discussed  in  that  particular  book.  By  using  the  index 
of  the  book  you  will  be  able  to  locate  that  section  which 
considers  the  work  of  the  scientist  whom  you  are  investi- 
gating. Bear  in  mind,  also,  that  you  may  find  references  to 
different  scientists  in  the  General  References  listed  on  page  668. 

On  pages  709  to  711  there  is  given  a list  of  especially  inter- 
esting reading  material  relating  to  science,  entitled  Leisure- 
Time  Reading  and  Activities  in  Science.  There  are  in  this  list 
many  books  which  give  interesting  stories  of  adventure  and 
of  the  romance  of  science,  as  well  as  books  which  suggest  in- 
teresting activities  in  addition  to  those  in  the  Topics  for  In- 
vestigation. On  page  712  there  is  a short  list  of  references 
entitled  Scientific  Vocations.  These  will  give  you  a picture 
of  some  of  the  different  vocations  which  may  be  entered  by 
persons  who  know  science  in  a practical  way. 
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III.  TOPICS  FOR  INVESTIGATION,  WITH  GUIDE 
TO  THE  SPECIFIC  REFERENCES 

Unit  I:  Relation  of  Earth  to  Universe 
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314:  135-158,  169-181.  318:  93-96.  336:  103-134.  374.  378:  151- 
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314:  67-79.  336:  1-20,  32-48.  416:  85-88. 
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227:  33-35.  336:  28-29.  377:  228-259. 

16.  Eclipse  of  Moon.  2:254-301.  95:  107-110.  97:204-207.  336:26-28, 

17.  History  of  Astronomy.  195:  217-253.  215:1-10. 

18.  The  Origin  of  Our  Present  Calendar.  407:  168-183. 
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19.  Modem  Astronomical  Observatories.  200.  294:14-32.  378:238-250. 

20.  Photographing  the  Heavenly  Bodies.  95:185-188.  271:81-110. 

21.  The  Sun  as  a Source  of  Power.  1:  172-178.  2:  74-97,  194-222. 
23:  153-172.  277:  166-173.  377:  71-86.  396:  72-104. 
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23.  Legends  and  Myths  of  the  Heavens.  195.  370.  378:  44-55.  408: 
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131:  376-377. 

25.  Astronomical  Telescopes.  25:  87-97,  215-220.  97:  29-44,  219-224. 

133:  3-12,  58-63,  135-139.  199:  1-39.  215:  10-26.  227:  77-78. 

230:  53-69.  235:  97-111.  271:  170-183.  295:  165-175.  298:  189- 
207.  318:  97-115. 

26.  Primitive  Methods  of  Keeping  Time.  1:51-59.  65:9-18.  133:3-12. 
163:  211-226.  263:  16-20.  352:  11-24.  454:  410-413. 

27.  How  to  Make  Simple  Devices  for  Keeping  Time.  44:  219-233. 
116:38-48.  271:  69-80. 

28.  The  Composition  of  Stars.  25:  325-330.  174:  217-233. 

29.  Clocks  and  Watches.  1:56-59.  65:9-18.  94:1-15.  185:205-211. 
263.  352:99-116.  426:64-72.  454:413-430. 

30.  Distances  Between  Heavenly  Bodies  and  How  They  Are  Measured. 

25:  16-18,  310-318.  116:  66-81.  226:  33-45.  227:  17-20.  271: 

152-160.  316:  197-207.  322:  148-161. 

31  Locating  the  Visible  Planets.  (See  references  under  “Planets.”) 

32.  The  Milky  Way.  378:230-237.  408:171-181. 

33.  Discoverers  and  Inventors  in  Science.  Brahe,  Tycho;  Brashear,  John; 
Clark,  Alvan;  Copernicus,  Nikolaus;  Einstein,  Albert;  Galilei,  Gali- 
leo; Herschel,  William  and  Caroline;  Kepler,  Johannes;  La  Place, 
Pierre  de;  Leverrier,  Jean  Joseph;  Newton,  Isaac;  the  earliest 
astronomers.  (See  pages  706-709  for  the  biographies  of  leading 
scientists.  Following  each  book  in  the  list  are  the  names  of  some  of 
the  scientists  discussed  in  that  particular  book.) 


Unit  II:  The  Earth’s  Surface  and  Its  Changes 
General  References.  185:  99-125.  219.  386. 

1.  Theories  of  the  Origin  of  the  Earth.  189:1-2.  192:  9-48.  217:1-19. 
361:  11-29,  38-42.  386:  3-11. 

2.  The  Interior  of  the  Earth.  151:337-343.  192:66-74.  219:63-89. 
394:  9-13. 

3.  Volcanoes  and  Vulcanism.  146:71-83.  151:201-215.  217:123-144. 
227:  162-165.  315:  57-65.  386:  63-70. 

4.  Changes  of  Level  and  Distortion  of  the  Earth  (Diastrophism).  146: 
169-181.  192:96-127.  217:234-251.  219:  15-41.  343:31-41.  386: 
51-56.  394:  22-26. 

5.  Mountains.  217:  113-123.  315:  70-73.  386:  59-62,  293-302.  394: 
126-133. 
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6.  Weathering  of  Rock  and  the  Formation  of  Soil.  89:  225-239.  217: 
161-190.  227:  150-155.  386:  47-57.  394:  61-71. 

7.  The  Work  of  Streams.  164:  61-122.  217:  191-233.  219:  15-41. 
227:  136-144.  315:  73-76.  386:  44-47,  56-59.  394:  78-89,  121-125. 

8.  Glaciers  and  Glaciation.  89:  250-254.  152:  237-249.  164:  20-35. 

217:  41-65,  145-160.  227:  145-150.  311:  16-30.  315:  77-82. 

386:  126-132,  134-142.  394:  98-109. 

9.  Wind  Erosion.  217:66-92.  394:44-49. 

10.  Wave  Erosion.  441:  166-176.  452:  434-443. 

11.  The  Formation  of  Rocks.  89:  22-167,  184-249.  90:  12-162.  164: 
17-20.  185:  112-117.  217:  234-259.  326.  394:  27-77,  147-151. 

12.  Rocks  and  Minerals.  89.  90.  217:  93-112.  315:  82-92.  394:  27-34. 
449. 

13.  Fossils.  47:  13-17,  33-37,  50-57.  128:  73-88.  227:  155-161,  174- 
175.  297:  157-187.  315:  93-94.  326.  386:  212-260,  302-330.  394: 
134-146. 

14.  Changes  of  Climate.  311:  31^4. 

15.  The  Age  of  the  Earth  and  the  Calculation  of  Geological  Time.  227: 
165-174.  295:  93-120.  315:  92-94. 

16.  Geological  History.  133:29-55.  164:36-60.  178:39-48.  189:2-6. 

192:  161-189.  386:  71-86,  90-105,  145-241,  315-330.  394:  175- 

197.  469:  9-16. 

17.  The  History  of  Geological  Knowledge.  47:  101-106. 

18.  Noted  Volcanic  Eruptions.  151:  205-215.  152:  129-139.  220.  315: 
59-62.  404:  195-197. 

19.  Hot  Springs  and  Geysers.  151:  337-340.  315:  69-70.  404:202-208. 

20.  WaterfaUs.  164:  1-10,  123-154.  297:  125-153.  404:  59-66. 

21.  The  Ocean.  1:  124-136.  151:  358-361.  152:  278-288.  194:59-66. 
219:42-62.  297:45-68.  386:44-47.  441:1-79.  452:392-415. 

22.  Salt  Lakes.  315:  76-77. 

23.  Sand  Dunes.  194:45-46.  404:112-113. 

24.  Cave  Formations.  194:  195-196.  394:  110-120.  404:  67-74. 

25.  Earthquakes.  151:  322-328.  152:  96-105.  194:137-178.  254:201- 
212.  315:  65-69.  404:  167-183.  416:  253-261. 

26.  The  Ice  Age.  217:  20-40.  311.  361:  62-82.  386:338-344.  404: 
354-369. 

27.  The  Crystals  in  Rocks.  89:15-21.  315:  83-84.  449:17-55. 

28.  Precious  and  Semi-Precious  Stones.  315:  88-92. 

29.  Ores  of  the  Precious  Metals.  297:109-121. 

30.  The  Formation  of  Iron  Ore.  89:  157-167. 

31.  How  Coal  Was  Formed.  89:  198-212.  178:  49-63.  189:  14-32. 

194:  212-225.  344:  40-43.  394:  155-166.  404:  85-92.  424:  1-3. 

32.  Salt  Deposits.  386:  81-89. 

33.  The  Geology  of  Scenery.  164.  404:  146-156.  405.  469. 

34.  The  Story  of  the  Earth.  152.  314:  44-65.  394:  3-197.  406.  407: 
7-32.  409:  293-403.  416:  1-213.  444:  3-21. 

35.  Discoverers  and  Inventors  in  Science.  Agassiz,  Louis;  La  Place, 
Pierre  de.  (See  pages  706-709.) 
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General  References.  52.  151.  167.  234.  307.  310.  396.  436. 

1.  Temperature  and  Thermometers.  2:  138-171.  19:  31-63.  39. 

307:  86-98.  327:  244-248.  377:  71-86. 

2.  Clouds.  52:  30-44.  151:  181-186.  248:  19-90.  307:  56-63,  65-75. 
365:  180-192. 

3.  Rain,  Snow,  Dew,  Frost,  Sleet,  and  Hail.  19:  106-124.  52:  59-71, 
244-253,290-300.  151:  192-200.  185:82-88.  307:  99-116. 

4.  Air  Pressure  and  the  Barometer.  19:  25-31.  227:  110-114.  307: 
147-156.  459:  217-220,  225-226. 

5.  Wind.  19:64-93.  52:  45-48.  185:  89-93.  307:76-85.  412:212-222. 

6.  “Highs”  and  “Lows.”  19:125-138.  307:42-63. 

7.  The  Weather  Bureau  and  Weather  Forecasting.  52:  49-57.  147: 

28-41.  171:  166-181.  210:  227-236.  227:  114-122.  307:  167-174. 
385:  224-238. 

8.  Weather  Signals.  307:  193-195. 

9.  Climate.  152:  223-236.  185:  33-39.  307:  157-166.  407:  199-208. 

10.  How  to  Make  an  Anemometer.  6:  59-80.  40:  295-298. 

11.  Frost  Protection.  396:  180-210. 

12.  Hurricanes.  52:  158-168.  307:  133-139.  396:  280-311.  412:  226- 
256. 

13.  Land  and  Sea  Breezes.  412:  226-227. 

14.  Lightning  and  Protection  Against  It.  19:  159-162.  248:  92-93. 

295:  190-194.  396:  312-336. 

15.  How  to  Make  a Rain  Gauge.  40:  298-300. 

16.  Tornadoes.  307:  42-56,  129-133.  396:  259-279.  412:  226-256. 

17.  Weather  Lore  and  Weather  Proverbs.  52:  83-96,  198-208.  249. 

250.  307:  64-146,  175-192. 

18.  Thunderstorms.  19:  159-162.  52:  125-157.  307:  116-129. 

19.  Manufacture  of  Thermometers.  39. 

20.  Weather  Instruments.  6:59-80.  307:147-156.  454:325-331. 

21.  Composition  of  the  Air.  185:  33-39.  218:  47-58.  298:  37-42.  386: 
12-16.  394:  35-43. 

22.  How  to  Build  a Weather  Vane.  6:  59-80.  40:  288-294. 

23.  Discoverers  and  Inventors  in  Science.  Fahrenheit,  Gabriel;  Franklin, 
Benjamin;  Galilei,  Galileo;  Guericke,  Otto  von;  Torricelli,  Evangelista. 
(See  pages  706-709.) 


Unit  IV:  Providing  a Good  Food  Supply 

General  References.  20:  112-123.  34:  97-120.  74.  107.  124.  160. 
182.  206.  313.  425. 

1.  Kinds  of  Food  Stuffs  and  Their  Use  by  the  Body.  14.  74:  5-24. 
78:  243-252.  107:  18-35.  144:  268-281.  159:  28-60.  188:  7-14. 
197:5-10,59-75.  212.  227:  316-324.  242:27-51.  313:  1-36,61-66. 
451 : 28-58. 
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2.  Sources  of  Foods.  2:223-241.  20:3-14.  36:137-158.  58.  60.  69. 

72.  184:  190-202.  188:  1-5.  227:  249-258.  304:  191-203.  313: 
52-60.  344:  131-143.  345:  115-140.  389:  84-108.  419:  14-66, 

70-215. 

3.  Selection  of  a Balanced  Ration.  64:  35-45.  107:  43-102.  159:  28- 
60,  189-256,  298-338.  282.  313:  74-85,  105-122.  451:  15-27,  77-147. 

4.  Methods  of  Cooking  Foods.  74:190-196.  203.  313:  123-185. 

5.  Preservation  of  Food.  1:34-41.  74:188-196.  108:  139-220.  188: 
431-446.  275:75-81.  295:  42-50.  312:53-55.  313:260-300. 

6.  Plant  Growth  and  Sunshine.  1:179-184.  78:21-30.  153:323-344. 
184:  122-133. 

7.  Early  Methods  of  Producing,  Storing,  and  Cooking  Foods.  149:  108- 
165.  233:  85-107.  344:  104-110.  345:37-49.  385:  20-56. 

8.  The  Production  and  Preparation  of  Food  from  Wheat,  Corn,  Rice, 
and  Other  Cereals.  20:  125-150.  21:259-269.  53.  74:24-67.  77: 
7-17.  78:  106-130.  107:  108-127.  124:  36-86.  158:  33-55.  188: 
163-175.  391:  124-178.  425:28-44. 

9.  Dairy  Products  and  How  They  Are  Made.  20:  61-79.  74:  136-144. 
77:  41-53.  78:  335-357.  107:  180-201.  124:  146-186.  188:  103- 
130.  303:  416-430.  419:  240-269. 

10.  Fishing  and  the  Sea-Food  Industry.  20:  254-270.  74:  126-135.  77: 
54-69.  83.  124:  247-312.  158:  91-99.  188:  55-82.  210:  267-272. 
268:  106-136.  283:  1-10,  68-90,  109-128.  419:  329-354.  468:  22-41, 
59-123,  231-248. 

11.  Foods  of  Many  Lands.  11:  100-109.  20:  151-175,  271-283.  74:  1-5, 
203-210.  345:  50-76.  389:  84-108. 

12.  Sugars  and  Their  Manufacture  (Cane,  Beet,  Maple,  and  Sorghum). 
20:  176-190.  21:  175-184,  259-269.  34.  74:  86-100.  78:  131-162. 
101:  114-118.  124:  187-193,  428-441.  158:52-62.  188:239.  335: 
61-84.  354:  67-74.  391:  51-88.  419:  452-486.  422.  425:  22-27, 
58-65. 

13.  Fruits  and  Nuts.  20:  25-41,  80-124,  245-253.  74:  67-74.  107:  145- 
151.  124:87-124,412-427.  158:  63-71.  188:217-238.  345:76-115. 
353.  425:  15-21,  45-57. 

14.  Vegetables  and  Their  Use  as  Food.  77:  32-40.  107:  129-144.  124: 
125-145.  158:  71-76. 

15.  Poultry  and  Poultry  Products.  107:  174-179.  124:  194-200.  188: 
47-53. 

16.  Fats — Animal  and  Vegetable.  20:  42-60.  61.  124:  238-246. 

17.  Vitamins.  1:110-115.  78:253-282.  142:137-145.  144:  282-292. 
209.  313:  37-51.  399:203-300.  451:71-76. 

18.  The  Inventor  and  the  Food  Problem.  23:  173-206. 

19.  Beverages.  20:191-205,227-244.  21:286-308.  58.  60.  74:147- 
182.  107:  152-155.  124:366-411.  419:487-504.  464:17-21. 

20.  Spices  and  Condiments.  124:  442-456.  188:  83-107. 

21.  The  Meat-Packing  Industry  (Cattle,  Hogs,  Sheep).  74:  102-125, 

109-123.  107:  156-173.  124:  201-237.  158:  76-88.  188:  15-42. 

392:  100-126. 
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22.  Commercial  Methods  of  Canning  Foods.  124:  313-340. 

23.  Experiments  with  Molds,  Bacteria,  and  Yeasts.  108. 

24.  Ice  and  the  Refrigeration  of  Food.  11:100-109.  21:55-63.  92:  157- 
165.  108:  148-156.  264:  87-96.  275:  57-60,  69-74.  422:  26-35. 
437:  124-132. 

25.  Microorganisms  Which  Spoil  Food  (Bacteria,  Yeasts,  and  Molds). 
108:  1-85,  100-138.  275:  61-68,  71-73. 

26.  Pasteurization  of  Milk.  108:  182-196,  213-220.  275:  82-96.  303: 
388-394. 

27.  Preserving  Foods  by  Drying.  108:  139-148.  124:  341-357.  419: 
417-430. 

28.  Potato— Irish  and  Sweet.  188:  193-199.  425:  9-14. 

29.  The  Beginning  of  Agriculture.  345:  37-49.  437:  233-265. 

30.  Irrigation,  Drainage,  and  Dry  Farming.  158:  13-26.  345:  13-26. 

403:  332-344. 

31.  Condensed  Foods.  124:358-365.  188:108-115. 

32.  Insects  and  Foo’d  Supply.  62:39-62.  78:210-228. 

33.  Discoverers  and  Inventors  in  Science.  McCormick,  Cyrus.  (See 
pages  706-709.) 

Unit  V:  Providing  a Water  Supply 
General  References.  170:  1-100.  232. 

1.  The  Cycle  of  Water  in  Nature.  248:  1-18.  309:  27-35.  381:  6-37. 
394:  51-58. 

2.  Sources  of  Water  Supply.  152:  264-277.  232:  1-60.  294:  138-146. 
309:36-67.  455:366-377. 

3.  Locating  and  Building  Wells.  29:  29-46.  170:  57-66.  309:  36-59. 
381 : 78-100. 

4.  Supplying  Water  by  the  Force  of  Gravity.  309:  120-131. 

5.  Pumps  and  How  They  Work.  5:  166-171,  176-179.  92:  57-60. 

264:  194-213.  309:  68-119. 

6.  Plumbing.  13:169-182.  264:64-79.  309:244-255.  364:158-199. 

7.  Preventing  the  Pollution  of  the  Water  Supply.  11:  124-127.  29:  47- 
70.  303:61-76,90-98.  381:54-77. 

8.  Purification  of  Water  Supplies.  92:  47^9.  101:  26-28.  125:  97-101. 
170:78-86.  232:113-123.  303:  77-89.  381:101-114. 

9.  Hot  Water  Supply.  13:  183-192.  454:  386-391. 

10.  Centrifugal  Pumps.  144:  282-292.  459:  146-148. 

11.  HydrauUc  Rams.  92:105-110.  309:  181-192.  459:204-208. 

12.  Pneumatic  House-System  of  Water  Supply.  92:51-56.  309:132-146. 

13.  Aqueducts.  42:  41-68.  45:  123-136.  161:  132-140.  170:  12-57. 

232:  61-113.  455:  55-81. 

14.  Famous  Water  Supply  of  Great  Cities.  42:  41-68.  45:  123-136.  70: 
325-331.  161:  132-140.  170:  19-21,  105-131.  291:  106-122.  455: 
55-82. 

15.  Power  Appliances  for  Distributing  Water.  161:  141-151.  309: 

159-230. 
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16.  Sewage  and  Sewage  Disposal.  108:  153-156,  274-276.  121.  264: 
80-86,  184-193.  303:  103-124. 

17.  The  Properties  and  Composition  of  Water.  1:  1-30.  185:  40-46. 

218:  37-46. 

18.  Obtaining  Water  in  Foreign  Lands.  70:  317-325,  170:  22-66. 

19.  Artesian  WeUs.  455:366-377. 

20.  Hard  and  Soft  Water.  101:22-23.  242:92-97. 

Unit  VI:  Keeping  in  Good  Physical  Condition 

General  References.  81.  156.  159:  138-188.  197:  1-35,  96-264. 

319.  464:  1-94. 

Note.  Only  a few  references  to  specific  topics  are  listed  here.  Further 
study  of  these  topics  can  be  carried  out  by  reference  to  any  standard 
textbooks  on  Physiology  or  Hygiene. 

1.  The  Cells  of  the  Human  Body.  197:  1-5.  227:  285-303.  382:  1-13. 

2.  Digestion  and  Assimilation  of  Food.  81:116-138.  107:36-42.  142: 
120-133,  146-186.  197:  11-35.  243:  7-19.  281.  313:  86-104.  464: 
49-68. 

3.  The  Circulation  of  the  Blood.  227:  324-328.  243:  29-41. 

4.  Respiration.  144:  259-281.  153:  70-82,  109-123.  174:  143-157. 

218:  29-36.  227:  328-333.  243:  20-28. 

5.  Baths  and  the  Bathroom.  13:  210-237. 

6.  Exercise.  159:  89-102,  105-137.  259.  338:  63-120.  464:  69-94. 

7.  Sleep.  159:  102-105.  338:  202-217. 

8.  Teeth.  64.  159:  78-88.  433.  464:  37-49. 

9.  The  Care  of  the  Eyes,  and  Correct  Lighting.  95:  127-131.  227:  345- 
347.  235:  127-139.  243:  53-63.  302.  454:  246-252. 

10.  First  Aid.  91.  145.  308.  338. 

11.  Tobacco  and  Its  Effect  upon  the  Body.  159:  250-271,  339-365.  338: 
165-182.  464:30-35. 

12.  The  Effect  of  Alcohol  upon  the  Human  Machine.  159:227-249,298- 
338.  338:  148-164.  464:  21-29. 

13.  Vitamins  and  Disease.  78:  253-282.  209.  399:  237-300.  464:  360- 
371. 

14.  Sports  and  Games.  67. 

15.  Accident  Prevention.  308:164-174. 

16.  CUmate  and  Health.  81:  172-191.  159:7-27.  258:  95-138. 

17.  Fractures,  Sprains,  and  Dislocations.  91:  62-72,  135-155.  308: 

70-89.  338:  9-26. 

18.  Burns,  Frostbites,  and  Sunstrokes.  91:  54-61,84-90.  308:117-127. 

19.  Wounds  and  Cuts.  91:34-53.  308:90-116.  338:  29-43. 

20.  Drowning  and  Artificial  Respiration.  91:  156-167.  308:  128-139. 
338:  43-48. 

21.  Bandages  and  Carriers.  91:101-134.  308:36-61. 

22.  Shocks  and  Fainting.  91:22-33.  308:62-69. 

23.  Home  and  Camp  Medicine  Chests.  91:  191-193.  308:  161-163. 

338:  93-99. 
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24.  Preventing  Infections.  91:  78-83.  308:  27-30. 

25.  Snake  Bites.  338:  73-89. 

26.  Camp  Diseases  and  Care.  338:  51-70. 

27.  How  to  Carry  Injured  Persons.  308:  191-197. 

28.  Health  Superstitions.  157. 

29.  Lightning  Strokes.  396:  312-336. 

30.  Sunshine  and  Health.  2:223-241.  165:168-204.  328.  450:46-70. 

31.  Excretion.  159:  61-69.  197:  253-264. 

32.  Narcotics.  242:  257-273.  360.  464:  35-36, 

33.  Discoverers  and  Inventors  in  Science.  Carroll,  James;  Dujardin, 
Felix;  Harvey,  William;  Leeuwenhoek,  Anton  van;  Mohl,  Hugo  von; 
Schleiden,  Matthias;  Schwann,  Theodor.  (See  pages  706-709.) 


Unit  VII:  Protecting  Ourselves  from  Disease 

General  References.  51.  80.  81:139-151.  135.  144.  165.  196:183- 
212,231-250.  260.  275.  351:218-250.  357.  464:95-395. 

1.  Germs,  Harmful  and  Helpful.  1:  30-41.  108:  1-11,  25-31,  100-140, 
203-208,  214-218,  228-240.  133:  186-197.  135:  3-104.  139:  1-25. 
144:  2-14,  39-59.  165:  77-129.  231:  125-142.  275:  13-20.  303: 
13-25.  305:277-305.  312:30-33.  382:14-69. 

2.  Carriers  of  Disease.  62:  3-38.  108:  208-211.  136:  1-24.  139. 

144:  88-136.  237:  100-174.  238:  171-213.  247.  275:  30-56.  297: 
89-108.  303:  45-160,  397-401.  380.  382:  179-215. 

3.  Preventing  the  Spread  of  Disease.  108:  255-264.  136:  24-96.  165: 
130-167.  196:  231-250.  231:  201-228.  238:  214-342.  275:  21-29. 
301:  75-85.  380:  36-49,  74-79.  464:  269-284. 

4.  Vaccination  and  Inoculation  Against  Disease.  108:  248-254,  276- 
279.  133:  125-127.  144:  60-87.  275:  113-119.  301:  75-85.  464: 
95-102. 

5.  Immunity,  Active  and  Passive.  275:  105-112.  382:  141-174. 

6.  The  Fly  and  Its  Relation  to  Disease.  139:57-75.  222:13-20.  237. 

382:  211-212. 

7.  Mosquitoes,  and  Diseases  Carried  by  Them.  108:  237-259.  135: 

278-310.  139:  76-141.  222:  69-82.  239.  285.  293:  89-100. 

8.  Uncommon  Diseases  Spread  by  Insects.  128:  55-72.  135:  252-277. 
137:  209-219.  139:  161-174. 

9.  Anti-Fly  Measures.  222:20-32.  237:175-217. 

10.  Ticks  and  Mites  Which  Spread  Disease.  135:  234-251.  139:  26-39. 

11.  Destroying  Mosquitoes.  222:84-107, 

12.  Rats,  Fleas,  and  the  Plague.  139:  142-160. 

13.  Pasteurization  of  Milk.  108:  182-196. 

14.  The  Work  of  Health  Departments.  210:  97-104. 

15.  Disinfectants.  66:  150-160.  108:  283-296. 

16.  The  Relation  of  Air  to  Disease.  108:  230-234.  159:7-27.  303:45- 
55,  382:  199-210. 

17.  The  Relation  of  Water  and  Ice  to  Disease.  108:  222-226.  303:  56- 
60.  382:  184-198. 
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18.  The  Relation  of  Milk  and  Other  Foods  to  Disease.  108:  182-196, 
227-230,  234-235.  275:  82-96.  283:  166-173.  303:  357-377,  397- 
401.  382:  179-183. 

19.  The  Fight  Against  Yellow  Fever  and  Malaria  in  Cuba  and  the  Panama 
Canal  Zone.  3:253-272.  135:311-333.  139:120-141.  211:  105-117. 
285.  293:  89-100.  462:  225-247. 

20.  Patent  Medicines  and  Quack  Doctors.  8.  16. 

21.  Parasites  That  Affect  Man.  137:  133-155.  142:  186-200.  197: 

278-293.  464: 392-395. 

22.  Commxmicable  Diseases.  81:151-169.  108:11-20.  144:74-83,99- 
204.  254.  258.  293:  89-100.  351.  382:  83-140.  464:  102-193. 

23.  Discoverers  and  Inventors  in  Science.  Behring,  Emil  von;  Bruce, 
David;  Carroll,  James;  Ehrlich,  Paul;  Gorgas,  William;  Grassi, 
Giovanni;  Jenner,  Edward;  Koch,  Robert;  Laveran,  Charles;  Lazear, 
Jesse;  Leeuwenhoek,  Anton  van;  Lister,  Joseph;  Malpighi,  Marcello; 
Metchnikoff,  Elie;  Morton,  William;  Needham,  John;  Pasteur,  Louis; 
Redi,  Francesco;  Reed,  Walter;  Ross,  Ronald;  Roux,  Pierre;  Schick, 
Bela;  Smith,  Theobald;  Spallanzani,  Lazaro;  Stiles,  Henry.  (See 
pages  706-709.) 

Unit  VIII:  Selecting  and  Caring  for  Clothing 

General  References.  1.  49.  71.  73.  76.  88:  81-101.  159:  14-17. 
288:  97-367. 

1.  Kinds  and  Sources  of  Fibres.  15.  35.  49:  3-6,  93-105.  71.  389: 
109-125. 

2.  Examination  of  Textile  Fibres.  49:  157-188.  101:  128-141.  132: 

127-133. 

3.  Cleansing  Action  of  Soap.  85:151-153.  101:23-24. 

4.  Home  Laundering  and  Cleaning.  13:  83-95.  49:  195-200.  242: 
109-113. 

5.  Removing  Spots  and  Stains.  49:  195-200.  132:  136-145. 

6.  Producing  Cotton  and  Manufacturing  Cotton  Goods.  21:  273-283. 

49:  79-82.  54.  73:  9-24.  76:  39-59.  113.  122.  129.  146:  1-9. 

151:  71-76.  158:109-117.  183:61-69.  198:219-236.  230:84-110. 
242:114-130.  344:148-157.  391:89-123.  425:91-97.  426:82-91. 

7.  Production  and  Preparation  of  Wool.  21:  91-100.  35.  49:  71-74. 
73:34-49.  76:57-79.  114.  149:  187-251.  151:  64-66.  158:104-108. 
242:  114-130.  344:  158-163. 

8.  The  Silkworm  and  Its  Product.  21:  103-112.  33.  49:  17-26,75-78. 

73:  50-65.  76:  85-98.  151:  93-107.  242:  131-139.  273:  69-83. 

426:  92-101. 

9.  Flax  and  Hemp.  21:125-134.  73:  25-33.  149:  166-186.  151:  67-70. 
158:  117-118.  425:  86-90. 

10.  Manufacture  of  Cloth  from  Fibres.  1:  104-111.  15.  21:  161-171, 
273-283.  49:  83-85,  106-148.  54:  39-131,  223-279.  71.  76:  107- 
128.  158:  109-117.  179:  34-104.  295:  71-89.  316:  148-162.  358: 
38-48.  389: 109-125. 
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11.  How  Hides  Are  Made  into  Leather  and  Wearing  Apparel.  1:  146- 
162.  9.  21:137-146.  31.  73:119-141.  76:99-107,180-196.  110. 
158:  100-104.  229:  310-321.  242:  298-313.  316:  174-185.  335: 
165-207.  344:  164-172.  385:  113-135.  392:  81-99.  426:  16-24, 
73-81. 

12.  Furs.  73:  142-157.  76:  129-153.  187. 

13.  Manufacture  of  Rubber  Goods.  55.  59:  1-88.  73:  158-170.  76: 
107-129.  101:124-127.  242:190-209.  262:176-218.  316:116-126. 
335:  131-164.  358:  110-134.  426:  6-15.  453:  180-192. 

14.  Making  Soap.  1:  42-50.  21:  187-195.  45:  214-223.  85:  153-155. 
132:  119-126.  242:  97-100.  316:  92-98.  453:  89-92. 

15.  Washing  Clothes  with  Machinery.  76:204-209.  179:105-113.  242: 
109-113. 

16.  History  of  Clothing.  54:1-19.  230:109-125.  344:143-184.  383: 
119-126.  385:  239-278. 

17.  The  Making  of  Clothing  (Early  and  Modem).  54:  1-19.  73:  101- 
109.  122:  46-55.  149:  166-251.  344:  143-147.  383:  119-126. 

18.  Bleaching  and  Dyeing.  49:  106-148,  212-213.  73:  75-80.  76:  209- 
212.  85:  155-156,  159-163.  101:  76-78.  385:  39-56. 

19.  Artificial  Silk.  49:38-42.  242:144-148. 

20.  Clothing  in  Many  Lands.  21:  91-100,  235-244.  76:  167-179. 

21.  The  Sewing  Machine.  179:  114-122.  183:  79-84.  262:  333-369. 
358:  84-106. 

22.  Clothes  Moths  and  Their  Destruction.  62:  87-99. 

23.  Discoverers  and  Inventors  in  Science.  Arkwright,  Richard;  Good- 
year, Charles;  Hargreaves,  James;  Howe,  Elias;  Whitney,  Eli.  (See 
pages  706-709.) 

Unit  IX:  Obtaining  the  Energy  of  Fuels 

General  References.  101:30-44.  163:13-27.  233.  261.  344:11-50. 
365:  50-60,  118-130,  154-160.  447:  10-25. 

1.  Combustion.  153:  83-95,  211-223.  154.  174:  122-142.  185:  47-54. 
218:  15-28.  227:  130-132.  366:  36-50. 

2.  Our  Common  Fuels.  66:  12-46.  189:  33-68.  242:  314-326.  270: 

96-106.  295:  136-139.  354:  36-41.  365:  131-153.  366:  50-80. 

424:  1-10.  447:  26-72. 

3.  Conservation  of  Fuels.  1:  97-103.  447:  81-92. 

4.  Composition  of  Air.  85:  55-68.  101:1-14.  132:59-70.  298:37-42. 

5.  Fire  Prevention.  272. 

6.  Stoves  for  Cooking.  11:  15-56.  264:  38-45. 

7.  Uses  of  Fuels.  304:21-25.  366:50-80. 

8.  Preparing  and  Experimenting  with  Oxygen.  85:  42-43.  132:  38-48, 

179-190.  153:  96-108,  124-151,  187-210,  224-229.  174:  40-49. 

471 : 39-48. 

9.  Superstitions  and  Early  Theories  of  Fire.  70:  257-270.  150:  154-162. 
366:  1-14,  32-36. 

10.  Fighting  Fires.  126.  149:15-19.  223.  274.  287.  337:209-254. 
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11.  Forest  Fires.  127.  168:  74-96.  184:57-68.  207:  5-52.  354:99-109. 
355:  53-63.  367:  77-88. 

12.  Methods  of  Making  Fire.  150:  154-162.  179:  221-228.  233:  1-10, 
108-138.  261:18-23.  295:  7-14.  316:  52-61.  365:  118-130.  411: 
79-88. 

13.  How  Candles  Are  Made.  344:  67-72.  453:  72-89. 

14.  How  Matches  Are  Made.  21:27-38.  70:314-316.  132:  199.  163: 
3-12.  316:  52-61.  366:  92-97.  426:  1-5.  453:  46-60. 

15.  Davy  Safety  Lamp.  230:  126-139. 

16.  Explosives.  85:  219-231.  101:  85-98.  120:  27-38.  131:  327-335. 
365: 166-179. 

17.  Early  Ideas  of  Chemistry.  85:  3-12.  174:  24-32. 

18.  Experiments  with  Carbon  Dioxide.  471:  54-60. 

19.  How  Coal  Was  Formed.  158:  143-145.  178:  49-63.  185:  118-125. 
189:  14-32.  344:  37-51.  390:  7-44.  424:  1-10. 

20.  Mining  Coal.  21:  247-255.  112:  1-88.  158:  146-151.  172:  11-34. 
178:64-76,104-199.  189:69-211.  256.  291:  152-159.  366:  80-93. 
424:  1-10.  458:  274-319. 

21.  Digging  for  Oil.  70:  281-290.  291:  162-166.  295:205-215.  390: 
45-59.  431.  455:  349-366. 

22.  Petroletxm  Fuels.  66:  12-46.  158:  156-165.  172:  51-60,  64-74. 

293:  27-39.  344:  77-80.  424:  84-94.  455:  349-365. 

23.  Natural  Gas.  390:  60-74. 

24.  Manufacture  of  Artificial  Gas.  70:  291-299.  344:  81-84.  366:  68-85. 
447:  73-77.  454:  394-399. 

25.  Peat.  366:  57-60. 

26.  The  Preparation  of  Hydrogen.  174:  33-40.  471:  48-53. 

27.  Making  Fireworks  at  Home.  132:  202-213.  471:  162-172. 

28.  The  Chemistry  Laboratory  at  Home.  85:  13-31.  471:  18-38.  472. 

29.  Elements  and  Compounds.  153:6-26,42-69.  174:  50-103.  218:  37- 
46,  69-80.  227:  132-135. 

30.  By-Products  of  Coal.  128:  109-139.  172:  43-50.  178:  246-260. 

185:  126-133.  298:  20-30. 

31.  Chemistry  of  Daily  Life.  45:22-33.  207:93-99.  218:91-112.  297: 
191-205. 

32.  Discoverers  and  Inventors  in  Science.  Davy,  Sir  Humphrey;  La- 
voisier, Antoine;  Priestley,  Joseph.  (See  pages  706-709.) 


Unit  X;  Heat  and  Its  Control 

General  References.  70:  271-278.  264:  1-29.  364:  130-155. 

Note.  But  few  references  on  Specific  Topics  are  given.  These  topics 
may  be  found  in  any  physics  textbook. 

1.  Fireplaces.  149:  52-75.  459:  280-281. 

2.  Stoves.  233:  70-82. 

3.  Hot  Air  Furnaces.  11:57-63.  13:128-143.  92:67-68. 


TOPICS  FOR  INVESTIGATION 


697 


4.  Hot-Air  System  of  Heating.  13:114-127.  92:69-70.  439:282-285. 

5.  Steam  Heating  Systems.  13:96-113.  92:70-73. 

6.  Methods  of  Heat  Transfer.  50:  41-59.  185:  15-60.  227:  56-61. 

459:  268-276. 

7.  Ventilation.  13:  144-160.  264:  30-37.  364:  130-155. 

8.  Fireless  Cookers  and  How  to  Make  Them.  1:  120.  459:  276-277. 

9.  Vacuum  Bottles.  459:  277-278. 

10.  Saving  Fuel  in  Heating  Devices.  1:97-103.  264:1-29. 

11.  Molecules.  207:60-67.  365:28-38.  471:3-17. 

12.  Early  Methods  of  Heating.  149:  52-75. 

13.  The  Manufacture  of  Glass.  21:  67-75.  30.  70:  188-204.  229:  240- 
249.  242:  67-91.  316:  232-240.  392:  37-74.  453:  117-131. 

14.  Alloys.  85:  117-120.  131:365-366.  132:  164-176. 

15.  Chinaware,  Porcelain,  and  Pottery  Manufacture.  21:  79-88.  179: 

176-194.  230:  42-52.  295:  25-31.  426:  56-63.  453:  96-116. 

16.  Construction  and  Operation  of  Hot-Air  Fmmaces.  (Write  to  manu- 
facturers of  these  devices.  You  can  learn  their  addresses  by  exam- 
ining furnaces,  asking  the  hardware  man,  or  by  looking  up  their 
advertisements  in  newspapers  and  magazines.) 

17.  Construction  and  Operation  of  Hot-Water  Heating  Systems.  (Fol- 
low suggestions  given  under  Topic  16.) 

18.  Construction  and  Operation  of  Steam  Heating  Systems.  (Follow 
suggestions  given  under  Topic  16.) 

19.  Construction  and  Operation  of  Ventilating  Systems.  (Follow  sugges- 
tions given  under  Topic  16.)  13:  144-168.  264:  30-37. 

20.  Construction  and  Operation  of  Oil  Heaters.  (Follow  suggestions 
given  under  Topic  16.) 

21.  Construction  of  Radiators  and  Air  Vents.  (Follow  suggestions  given 
under  Topic  16.) 

22.  Asbestos  and  Other  Insulating  Materials  for  Heating  Devices.  (Fol- 
low suggestions  given  under  Topic  16.) 

Unit  XI:  Construction  of  Buildings 

General  References.  70.  233:  158-198.  389:  126-147. 

1.  Lumber  as  a Building  Material.  13:31-63.  32.  70:64-90.  92:  26-33. 
151:37-45.  158:119-134.  168.  284.  331.  335:  1-32.  346:15-25, 
37-103.  347:  22-55,  104-113,  137-145,  181-187.  354:  1-36.  355:  11- 
30,41-52.  367:  7-24.  391:7-50.  425:98-106. 

2.  The  Principal  Building  Stones.  70:110-122.  92:123-141.  158:  136- 
139.  390:  113-162.  424:11-20.  458:  338-358. 

3.  Clay  and  Clay  Products.  70:  127-142.  92:  33-36.  424:  31-38. 

4.  Cement  and  Concrete.  70:122-126.  92:40-45.  424:21-30. 

5.  Lime,  Mortar,  and  Plaster.  92:'38-40.  365:91-94.  366:102-105. 

6.  Iron  and  Steel.  21:223-231.  65:  242.  70:142-172.  101:  64-72. 

109.  158:170-178.  179:274-284.  198:259-293.214:131-141.233:169- 
198.293:15-26.295:14-19.  304:46-65.407:157-167.418.  424:56-64. 

7.  Other  Metals.  70:173-180.  151:49-63.  227:123-130. 
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8.  Forestry  and  Great  Forests.  184:  69-113.  354:  90-189.  355:  79-94, 
109-159.  356.  367:  25-43.  395. 

9.  The  Stone  Age.  233:158-166.  389:126-147.  407:116-137. 

10.  The  Bronze  Age.  389:  126-147.  407:  147-156. 

11.  Skyscrapers.  22:283-319.  45:  9-34.  131:  232-239.  166:  402-461. 
287:  306-316.  337:  1-39. 

12.  Early  Methods  of  Mining.  458:  17-44. 

13.  Early  Homes.  149:  1-31.  150:  252-265.  163:  147-167. 

14.  How  to  Build  a Log  Cabin  and  Other  Small  Houses.  43:  124-137, 
171-182.  411:  122-126. 

15.  Homes  in  Foreign  Lands.  70:  9-64. 

16.  The  Manufacture  of  Paper.  21:  15-26.  70:  204-221.  101:  141-143. 
151:77-79.  153:371-374.  229:  170-185.  242:  154-170.  253.  270: 
47-49.  316:  216-231.  320:  1-14.  347:  79-89.  354:  42-58.  392:  141- 
159.  426:  25-35.  446. 

17.  The  Manufactm-e  of  Copper.  101:59-64.  424:65-75. 

18.  The  Manufacture  of  Alumin\im.  316:  288-315.  424:  76-83. 

19.  The  Manufacture  of  Rubber.  59.  335:  131-164.  426:  6-15. 

20.  The  Manufacture  of  Metals.  85:  103-117.  120:  97-107.  163:  39-53. 
261:35-48.  365:61-71.  390:  75-112.  394:  167-174.  453:  207-241. 

21.  Preservation  of  Building  Materials.  70:221-231.  101:144-156.  346: 
192-211,  285-417.  347:  154-164.  364:  200-244. 

22.  Mining  Metals.  291:  159-161.  458:  44-131,  154-196,211-245,258- 
273,  320-337. 

23.  Home  Construction  Projects  with  Wood  and  Brass.  201.  224. 

24.  Unusual  Metals.  125:  91-97.  174:  171-183. 

25.  Mechanical  Engineering  as  a Profession.  166:  1-22. 

26.  Forestry  as  a Profession.  340.  368. 

27.  Discoverers  and  Inventors  in  Science.  Bessemer,  Sir  Henry;  Goodyear, 
Charles;  Kelley,  William.  (See  pages  706-709.) 

Unit  XII;  Use  of  Simple  Machines 
General  References.  27.  343. 

1.  Work  and  Simple  Machines.  5:4-25.  84:61-66.  92:75-156.  227: 
100-106.  270:  37-44.  343:  42-60.  459:  75-121. 

2.  Work,  Power,  and  Energy.  84:  55-61.  280:  65-66.  343:  207-218. 
459:  49-74. 

3.  Friction  and  Its  Reduction.  92:87-90.  459:75-104. 

4.  The  Transmission  of  Power.  84:  80-91.  92:  77-87,  148-156. 

5.  Centrifugal  Force  and  Its  Use.  459:  125-149. 

6.  Force  and  Motion.  185:  67-74. 

7.  Gravitation.  84:  47-55.  185:  75-81.  227:  46-51.  280:  21-30.  343: 
90-106,  151-180.  415:  1-6. 

8.  Inertia.  93:  161-162. 

9.  Primitive  Tools  and  Weapons.  65:  237-238.  131:  232-236.  361:  83- 
104.  383:  3-233.  389:  1-42,  148-171.  407:  116-167. 
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10.  Farm  Machinery.  131:232-239.  230:189-205.  344:117-131.  403: 

246-265. 

11.  The  Cream  Separator.  454:381-385. 

12.  The  Sewing  Machine.  230:  206-214.  ^ 

13.  History  of  Machines.  27.  65:  237-238.  383:  163-233.  389:  148-171. 

14.  Development  of  the  Plough.  163:  73-84.  403:  136-143. 

15.  Development  of  the  Reaper.  163:85-96.  403:144-158. 

16.  How  to  Make  Simple  Machines.  43:  124-137.  98. 

17.  Discoverers  and  Inventors  in  Science.  Archimedes;  Goodyear,  Charles; 
Howe,  Elias;  McCormick,  Cyrus.  (See  pages  706-709.) 

Unit  XIII:  Complex  Machines 

General  References.  5:44-314.  270:186-234.  304:1-26.  (See  ency- 
clopedias and  textbooks  on  physics  also.) 

1.  Uses  of  Air  Pressure.  5:171-174.  309:147-157. 

2.  Compressed  Air’and  Its  Uses.  42:288-303.  87:  158-165.  169:234- 
242.  337:40-86.  427:  44-53. 

3.  Harnessing  the  Force  of  Wind.  5:105-119.  92:94-99.  304:7-10. 

4.  Water  Wheels.  1:  77-85.  42:  92-113.  64:  165-166.  92:  99-105, 
110-111.  309:231-242.  454:375-381.  459:203-204. 

5.  Water  Power.  5:  74-94.  158:166-169.  190:294-308.  213:73-81. 
304:  7-10.  455:  11-54. 

6.  Generation  of  Steam  for  Power.  92:  112-115.  101:  24-26.  134:  36- 
60.  151:  216-226.  454:14-31.  459:285-296. 

7.  Construction  and  Operation  of  the  Steam  Engine.  5:  120-144,  297- 
301,  306-309.  92:  122-131.  94:  84-86.  134:  61-102.  214:  96-120. 
227:  62-63.  295:  124-129.  304:  10-14.  454:  44-59. 

8.  The  Steam  Locomotive.  118:61-76.  131:206-211.  134:102-128. 
265.  437:  63-96. 

9.  Construction  and  Operation  of  the  Gas  Engine.  88:  12-20.  92:  135- 
147.  94:78-81.  99:61-78.  131:212-231.  134:178-248.  174:103- 
121.  178:  282-292.  214:  96-120.  304:  14-18.  454:  87-111.  460:  112- 
129. 

10.  Diesel  Engine.  75:274-279.  94:72-73.  214:78-81,120-130.  298: 
174-181.  371:  103-109.  450:  270-276. 

11.  The  Automobile.  5:  309-314. 

12.  Homemade  Windmills.  43:  273-282.  202:  1-9. 

13.  Home  Construction  of  Water  Wheels.  1:  77-85.  40:  237-247.  43: 
240-253.  202:  38-47. 

14.  How  to  Build  a Small  Dam.  40:  231-237. 

15.  Divers  and  Diving  Bells.  45:  224-239.  119:32-69,304-310.  268:  137- 
162.  337:  40-46.  452:  271-304.  454:  187-199,  335-340. 

16.  Underground  Tunnels  and  Their  Construction.  42:  288-324.  45:  69- 
97.  119:  196-225. 

17.  The  Harnessing  of  Niagara.  294:120-131.  455:11-34. 

18.  The  Construction  of  Dams.  42:3-40.  161:82-90.  166:188-225.  455: 
55-81. 
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19.  Caissons.  42:304-324.  45:34-62.  104:47-73.  161:  11-81. 

20.  Railway  Air-Brakes.  118:  94-107.  454:  187-199.  457:  190-199. 

21.  Water  Power  in  the  United  States.  158:166-169.  270:24-36. 

22.  Pneumatic  House-System  of  Water  Supply.  (See  reference  under 
same  topic  in  Unit  V.) 

23.  How  Hydraulic  Elevators  Work.  45:109-122. 

24.  Hydraulic  Presses.  454:  361-364.  459:  200-203. 

25.  History  of  the  Steam  Engine.  22:  244.  131:  194-206.  134:  21-36. 
178:77-88.  214:19-61.  230:70-83.261:  48-63.  295:130-136.  430: 
1-27.  459:  223-225. 

26.  Development  of  the  Modem  Locomotive.  131:  206-211.  178:  89-95. 
230:  140-167. 

27.  History  of  the  Gas  Engine.  65:  150-154.  88:192-204.  131:212-231. 
143:  67-85.  456:  224-258. 

28.  Safety  Devices  for  the  Boiler — Safety  Valve,  Water  Gauge,  Steam 
Gauge,  and  Speed  Governor.  22:  35-36.  92:  119-122.  174:  116-118. 
454:  31-39,  67-70. 

29.  The  Automobile  Industry.  66:  12-46.  427:  74-81. 

30.  Steam  Turbines.  5:144-154.  65:163-171.  75:157-159.  94:67-71. 
131:205-206.  134:128-163.  214:64-78.  270:46-47,219-234.  304: 
19-21.  454:  74-86. 

31.  Hot-Air  Engines.  92:132-135.  298:168-174. 

32.  Compound  Steam  Engines.  454:  59-62. 

33.  The  Gasoline  System  of  the  Automobile.  99:  78-94.  440:  34-46. 

34.  Ignition  System.  99:  94-111. 

35.  How  the  Automobile  Is  Lubricated.  99:  112-126. 

36.  How  Gas  Engines  Are  Kept  Cool.  99:  127-137.  440:  20-34. 

37.  Transmitting  Power  in  the  Automobile.  440:  200-224. 

38.  The  Lighting  and  Starting  System  of  an  Automobile.  99:  138-151. 
100.  440:  46-73. 

39.  Airplane  Engines.  63:31-42.  205:132-135.  289:113-145. 

40.  Discoverers  and  Inventors  in  Science.  Guericke,  Otto  von;  New- 
comen, Thomas;  Papin,  Denis;  Parsons,  Sir  Charles  A.;  Stephenson, 
George;  Watt,  James;  Westinghouse,  George.  (See  pages  706-709.) 

Unit  XIV:  Obtaining  and  Using  Electricity 

GENER.A.L  References.  10.  177.  190.  213.  342.  372. 

1.  Primary  Electric  Cells.  4:12-32.  10:57-65.  65:88-96.  85:167-172. 
101:173-180.  131:251-256.  213:27-36.  261:135-152.  342:53-81. 
365:  290-301.  387:  15-20.  466:  248-262. 

2.  Measurement  of  Electricity.  10:  15-21,  55-56,  66-69,  116-132,  147- 
155.  18:98-108.  92:166-168.  190:110-143.  221:20-37.  342:92- 
99.  463:  28-32,  82-92. 

3.  Storage  Cells  and  Batteries.  4:  21-29,  229-249.  56.  85:  172-173. 
92:  175-177.  94:  230-232.  101:  180-183.  131:  272-276.  132:  230- 
234.  278:251-263.  325:274-282.  342:53-81.  372:24-51.  463:22-25. 
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4.  Magnetism  and  Electromagnetism.  4:  54-59.  10:  1-10,  30-34,  80- 
106.  125:173-178.  131:1-15.  175:26-36.  213:36-43.  227:95-100. 
236.  342:  1-15,  82-89.  454:  115-118. 

5.  The  Construction  and  Operation  of  Electric  Generators.  4:  229-241. 
5:  155-165.  10:  185-194.  65:  96-110.  92:  169-173.  94:  235-237. 
123:30-41.  131:  276-296.  175:101-111.  190:144-161.  213:43-46. 
227:  93-94.  295:  198-205.  342:301-317.  454:159-177.  466:  3-25. 

6.  The  Construction  and  Operation  of  Motors.  10:  175-184.  18:  89- 

120.  92:  173-174.  131:284-289.  213:46-58.  264:145-162.  270: 
50-58.  342:305-316.  401:75-81,97-114.  402.  466:43-56. 

7.  Electroplating.  10:134-146.  85:178-185.  101:183-187.  123:42- 
49.  132:224-228.  175:112-119.  387.  453:458-460.  454:  185-186. 
471:  153-154. 

8.  Transmission  of  Electric  Power.  213:58-73. 

9.  Home  Construction  of  Cells.  4:  12-32.  10:  35-55.  342:53-81.  401: 
31-34. 

10.  History  of  Electricity.  4:238-240.  65:43-86.  131:  246-251,276-280. 
261:94-109.  295:190-194. 

11.  Static  Electricity.  4:312-326.  10:216-235.  131:  244-251.  151:  150- 
191.  175:9-25.  213:22-26.  227:83-88.342:16-52.  372:1-23.  401: 
13-25. 

12.  Electric  Furnaces  and  Heaters.  4:340-343.  10:69-74.  23:113-152. 
101:225-239.  131:258-260,321-325.  132:148-163.  213:108-111. 
261:110-120.  292:119-209.  414:236-262.  454:59-65.  463:97-159. 

13.  Electrotyping.  4:291-293.  10:134-146.  132:228-229.  213:  140-165. 

14.  Electrolysis.  85:173-178.  101:16-18.  131:261-262.  132:219-224. 
174:  158-170.  471:  147-150. 

15.  Dangers  in  Using  Electricity.  463:  94-100.  466:  168-177. 

16.  How  to  Make  a Rheostat.  4:  125-155.  10:  66-69. 

17.  How  to  Electroplate  with  Different  Metals.  4:266-290.  131:262-265. 
174:  158-170. 

18.  How  to  Make  an  Electric  Motor.  4:  255-265.  10:  175-184.  131:  290- 
291.  202:  132-135.  342:  305-316,  318-333.  372:  142-148. 

19.  How  to  Make  a Small  Dynamo.  4:220-254.  10:185-194.  342:317- 
334.  372:  133-141. 

20.  How  to  Make  an  Induction  Coil.  4:  59-76.  342:  194-220.  372:  52- 
68,  115-129. 

21.  Homemade  Push  Buttons  and  Switches.  4:  33-54. 

22.  Making  Electromagnetic  Toys.  10:10-14,21-27.  401:  1-12,26-30, 
39-74. 

23.  Electric  Power  on  the  Farm.  18:3-31.  190:243-258.  292. 

24.  Electric  Trolley  Cars  and  Railways.  4:  255.  131:  296-298.  325:229- 
238.  342:335-349.  427:54-62. 

25.  How  Electricity  Is  Generated  at  Niagara.  131:  292-296.  291:  169- 
171.  455:  11-34. 

26.  What  Is  Electricity?  175:144-203. 

27.  Electrical  Measuring  Instruments.  4:102-121.  342:116-139.  466: 
25-43,  84-93. 
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28.  Electric  Welding.  213:115-123. 

29.  Discoverers  and  Inventors  in  Science.  Ampere,  Andre;  Boyle,  Robert; 
Davy,  Sir  Humphrey;  Edison,  Thomas;  Faraday,  Michael;  Franklin, 
Benjamin;  Galvani,  Luigi;  Gilbert,  William;  Oersted,  Hans;  Stein- 
metz,  Charles;  Volta,  Alessandro.  (See  pages  706-709.) 

Unit  XV:  Using  the  Energy  of  Light 
General  References.  11:82-99.  13:238-250.  235:257-269.  324. 

1.  Gas  Lighting.  11:  88-99.  13:  238-250.  233:  18-59.  344:  61-89. 

2.  Lighting  with  Electricity.  10:195-206.  11:82-87.  18:172-191.  70: 
299-307.  175:  125-133.  185:170-175.  213:82-99.  227:94-95.  233: 
60-69.  242:  275-297.  264:  163-183.  292:  210-224.  330:  190-211. 
372:  71-79.  454:  179-185.  463:  39-46,  53-57. 

3.  Direct,  Indirect,  and  Semi-Direct  Lighting.  459:  302-304. 

4.  Properties  of  Light — Speed,  Intensity,  Refraction,  and  Reflection. 
84:  92-105.  95:  131-135.  116:  99-102.  185:  5-9.  235:  8-34,  257- 
269.  415:20-24.  459:298-315. 

5.  Early  Methods  of  Lighting.  70:278-281,307-314.  131:299-306.  149: 
32-51.  163:  28-37.  185:  212-217.  344:  61-89.  385:  171-200. 

6.  History  of  Electric  Lighting.  94:234-235.  131:  301-305.  244.  261: 
121-134.  278:  141-181.  325.  344:  88-90.  456:  330-346. 

7.  How  Electric  Lamp  Bulbs  Are  Made.  94:  234-235.  363:  1-66,  95-109. 

8.  A Homemade  Transformer.  131:282.  342:221-236.  372:  52-68. 

9.  How  to  Make  an  Arc  Light.  131:  260-261. 

10.  How  to  Make  an  Electric  Light  Filament  Glow  with  an  Electro- 
magnet. 131:  281-282. 

11.  Electric  Lamp  Industry.  363. 

12.  How  to  Make  an  Electric  Lamp.  131:  306-307.  190:  93-109.  372: 
159-166. 

13.  Electric  Arc  Lights.  4:  336-338.  23:  293-320.  213:  82-85.  363:  67-94. 

14.  Acetylene  Lamps.  131:305-308. 

15.  Lighting  Circuit  Troubles.  463:72-81. 

16.  Moving  Pictures.  143:  113-131.  185:189-193.  277:  1-29.  278:  235- 
250.  300.  398:  157-175. 

17.  Lenses  and  Their  Uses.  235:  75-84. 

18.  Making  Gas  Mantles.  179:  232-234. 

19.  Mirrors  and  How  They  Work.  235:  35-50. 

20.  Magnifying  Lenses  and  the  Microscope.  454:  254-256,  261-263. 

21.  How  to  Make  a Periscope.  131:191-193. 

22.  The  Telescope.  40:88-109.  65:9-18.  95:136-144.  131:  367-377. 
132:  367-372.  227:77-78.  298:  189-207.  454:257-261. 

23.  Photography  and  the  Camera.  63:  121-128.  85:  189-202.  101:  164- 
171.  132:237-276.  176.  180.  185:176-182.  229:224-239.  242:  230- 
242.  295:175-185.  317.  388:26-36.  454:  233-246.  456:317-330. 

24.  Electric  Signs.  213:  90-97. 

25.  Discoverers  and  Inventors  in  Science.  Edison,  Thomas;  Galilei,  Gali- 
leo; Parsons,  Sir  Charles  A.  (See  pages  706-709.) 
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Unit  XVI : Using  Energy  for  Communication 

General  References.  37.  150:  278-291.  163:  246-266.  190:  162-258. 
295:  225-252.  344:  247-294.  389:  200-210. 

1.  The  Telegraph.  10:165-174.  185:163-169.  190:  162-183.  227:91- 
93.  266: 120-163.  278: 70-81.  295: 225-234.  342: 150-169.  454: 127- 
136.  465:73-90.  466:59-68. 

2.  The  Electric  BeU  and  Buzzer.  1:  60-67.  4:  78-101.  342:  140-149. 
454:  119-121.  466:  69-73,  296-299. 

3.  The  Telephone.  4:  156-190.  10:156-164.  45:240-254.  131:61-71. 
175:87-100.  181:11-22.  185:157-162.  190:184-203.  229:33-35. 
266:  179-202.  278:  82-104.  292:  225-244.  295:  240-246.  298:  90- 
115.  330:  149-165.  332.  342:  170-193,  297-304.  372:  97-103.  454: 
147-152.  465:  111-132.  466:  93-95,  274-295. 

4.  Wireless  Telegraphy  and  Telephony  (Radio).  10.17.37.  41:184-209. 
64:208-225.  84:92-105,125-136.  96.  105.  131:  92-134.  138:107- 
136.  175:  37-47,  74-86.  190:  204-223.  213:  166-217,  221.  270: 
127-140.  286.  295:  234-240.  298:  43-83.  330:  231-241.  332.  334. 
342:  237-296.  372:  184-190.  442.  450:  71-120.  454:  137-146. 

5.  Sound  and  Its  Properties.  48:1-30,99-130.  181:5-10.  185:61-66. 
227: 78-82. 

6.  The  Induction  Coil  and  Transformer.  84:33-46.  202:124-132.  342: 

89-91,  194-236.  454:  121-123. 

7.  Atoms  and  Electrons.  10:  107-115.  66:  28-97.  84:  106-124.  128: 
140-163.  173.  185:  146-156.  208.  213:205-209.  297:237-249.  301: 
147-160.  450:  1-16. 

8.  Television.  37.  155.  213:  293-312.  333.  450:95-101.  465:249-268. 
470. 

9.  Sound  Pichires.  369:  215-258. 

10.  History  of  the  Telegraph.  65:  126-139.  88:269-295.  131:25-33.  230: 
168-188.  261:  177-192.  262:  119-172.  344:270-277.  358:350-378. 
465:  34-53. 

11.  History  of  the  Telephone.  65:  139-147.  131:  40-60.  213:124-140. 
230:215-232.  261:  228-246.  344:  286-292.  358:  379-395.  456:39- 
54.  465:  91-110. 

12.  History  of  Wireless.  22:  79-117.  23:207-254.  120:  240-250.  131: 
72-91.  143:  1-26.  277:  206-231.  293:  121-130.  358:  396-408.  456: 
7-28.  465:  133-154. 

13.  Submarine  or  Ocean  Cables.  45:  240-254.  119:  226-272.  131:35-39. 
175:48-60.  261:193-201.  291:  250-264.  294:1-13.  298:3-16.  344: 
278-285.  465:  54r-72. 

14.  A Telephone  Exchange.  45:240-254.  131:61-71.  143:  181-198.  181: 
23-34.  454:  152-157.  465:  111-132. 

15.  Duplex  Telegraphy.  131:  33-35. 

16.  Signalling  by  Light,  by  Semaphore,  and  by  Other  Methods.  40:  130- 
135.  43:  144-157.  106:  143-156.  141:  246-258.  207:  53-67.  290: 
205-214.  344:265-269.  411:54-62.  465:  1-33. 

17.  Picture  Writing  of  Early  Days.  163:227-245.  261:  262-276.  344: 
247-251.  465: 1-33. 
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18.  History  of  Printing.  1:  185-198.  43:84-94.  65:  243.  94:146-164. 
163:  227-245.  179:207-220.  214:  214-232.  230:9-41.  262:393-435. 
295:  158-162.  389:  200-210.  392:  160-221.  456:  306-317. 

19.  Making  a Newspaper  or  Book.  21:  1-14.  205:89-109,122-160.  321: 

210- 221.  392:222-236.  426:26-45. 

20.  The  Phonograph.  22:249-280.  65:  147-149.  88:290-295.  181:57- 
74.  185:  183-188.  278:  105-140.  293:  169-177.  295:  246-250.  330: 
166-189.  454:  310-321.  456:  54-72. 

21.  The  Human  Ear.  227:347-348.  454:  271-277. 

22.  Making  a Telegraph  at  Home.  4:  190-200.  10:  165-174.  372:  87-96. 

23.  Making  a Wireless  at  Home.  201 : 219-255.  442:  29-146. 

24.  Discoverers  and  Inventors  in  Science.  Baird,  Spencer;  Bell,  Alexan- 
der; De  Forest,  Lee;  Edison,  Thomas;  Field,  Cyrus;  Gutenberg, 
Johannes;  Marconi,  Guglielmo;  Mergenthaler,  Ottmer;  Millikan, 
Robert;  Morse,  S.  F.  B.;  Sholes,  Christopher.  (See  pages  706-709.) 

Unit  XVII;  How  Man  Provides  Transportation 

General  References.  102.  130.  141.  216.  245.  344:  187-244.  413. 
420.  434. 

1.  Roads  and  Road  Building.  147:143-154.  166:  23-65.  216:133-170. 
291:  85-99.  304:223-245.  384.  393:  31-49.  427:  108-120. 

2.  Cutting  Down  Wind  Resistance.  459:  230-240. 

3.  Archimedes  and  the  Principles  of  Buoyancy.  65:6-7.  343:  1-19.  459: 

211- 216. 

4.  Sailboats.  57:  158-199.  67:  83-128.  393:  53-64. 

5.  Propelling  Ships  by  Steam.  65:  244.  75:185-223.  143:85-96.  240: 
78-120. 

6.  The  Compass.  95;  76-82.  104:  255-272.  141:  259-266.  236:  197-238. 
294:  147-154.  295:  194-198.  439:  139-144.  452:  64-86. 

7.  The  Log.  141:267-274. 

8.  Latitude  and  Longitude.  95:  82-87.  452:  90-102. 

9.  Balloons  and  Dirigibles.  23:  27-78.  41:  148-168.  63:4-10.  94:134- 
139.  277:  47-68.  337:  87-172.  371:  196-223.  413:  32-62.  420.  434: 
51-60.  438. 

10.  Airplanes — Their  Construction  and  Operation.  22:  321-354.  63:  26- 
30.  93.  94:139-145.  120:284-296.  131:  160-172.  171:57-113,130- 
254.  185:  194-204.  204:  49-65.  216:  310-328.  229:  322-338.  245:  1- 
72.  277:  69-127.  289.  290:  23-56,76-87.  295:215-222.  341:5-17. 
413:89-204.  420.  421.  429.  434:  117-148.  450:  219-255.  459:241- 
267. 

11.  Early  Travel  and  Exploration.  94:  242-253.  103.  138:  7-26.  150: 
266-277.  344:  187-206.  407:  184-198. 

12.  Shipbuilding  and  Launching.  45:  176-182.  75:  185-223.  94:  253- 
261.  111.  120:184-239.  141:  31-48,188-196.  179:299-312.  240: 
25-63.  291:  332-348.  294:84-99.  321:  184-192.  455:  308-333. 

13.  Making  a Canvas  Canoe.  43:  109-123.  44:  258-266.  57:  124-135. 
94:  261-266.  216:  251-278. 
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14.  Building  Small  Boats  and  Ships.  6:  211-238,  249-260.  7.  43:  158- 
170.  44:  18-27,  64-72,  297-308.  57:  4-123,  228-240. 

15.  The  Work  of  the  Ship’s  Crew.  57:  200-227.  75:  303-315.  138:  45- 
106.  240:  144-169. 

16.  Types  of  Ships.  41:  298-310.  125:  85-91.  240:  170-205.  268:  24- 
39,  69-91.  270:  209-218,  240-246.  298:  168-188.  393:  206-280.  417. 
450:  277-280.  455:  308-332. 

17.  History  of  Water  Transportation.  75:  1-148.  82.  83.  88:  215-245. 
131:  204-205.  141:  1-31.  163:  191-210.  183:  18^8.  198:  172-192. 
230:111-125.  240:1-25,63-77.  262:  3-75.  344:206-222.  358:  222- 
241.  407:  184-198.  430.  439:  1-10.  452:  9-65. 

18.  Submarines  and  Their  Operation.  22:1-39.  38:  3-123.  41:  232-276, 

310-339.  45:  197-213.  65:  190-198.  75:  176-179.  106.  117:  78- 

108.  119:  67-141.  120:  223-239.  131:  173-193.  148.  214:  86-93. 
268:  92-105.  269.  270:  235-237.  277:  30-46.  294:  69-83.  298:  208- 
232.  428.  456:  143-166. 

19.  Inland  Water  Transportation.  53:  167-182.  67:  129-141.  103:199- 
218.  216:232-250.  270:  24-36.  393:  110-147.  427:  82-94.  455:245- 
267. 

20.  Docks  and  Dry  Docks.  45:  183-196.  119:  179-195.  141:  212-220. 
166:274-314.  270:238-240.  291:349-357.  455:333-349. 

21.  Harbors.  94:  165-182.  103.  166:  274-314. 

22.  Flags  at  Sea.  141:235-245. 

23.  Lighthouses  and  Lightships.  23:255-292.  104.  141:  307-317.  166: 
315-361.  268:  163-178.  291:  283-301.  294:  49-56.  439:  125-138. 
441:80-99.  452:  120-206. 

24.  Sound  Warnings  at  Sea.  452:  207-231. 

25.  Lifeboats  and  Their  Work.  143:  97-112.  452:  232-270. 

26.  How  to  Make  a Model  Submarine.  106:  23-51. 

27.  How  to  Make  a Model  Airplane.  93:34-69.  131:167-172.  169.  201: 
297-326.  202:  21-33.  204:  105-282.  341.  413:  333-337. 

28.  Kites.  22:205-247.  43:229-239.  93:1-15.  131:156-160.  169:23- 
41.  202:9-21.  252.  290:1-22.  329. 

29.  GUders.  44:187-197.  169:  42-52.  205:  177-205.  280:41-42.  371: 
175-195.  448. 

30.  Sensations  During  Flying.  413:271-299.  434:149-173. 

31.  History  of  Air  Transportation.  63.  65:  173-190,237.  130.  131:134- 
155.  140.  143:27-51.  171:1-56.  186.  204:1-20.  205:4-30,113- 
121,  273-293.  216:  279-309.  225.  245:  89-201.  293:  1-12,  181-193. 
296.  298:233-262.  299.  301:86-94.  358:325-329,330-346.  413: 
1-181.  434:  11-35,  74-82.  445.  456:  284-306. 

32.  History  of  Land  Transportation.  1:  68-76.  43:  283-291.  53:  183- 

196.  88:  192-204.  118:  1-38.  149:  325-364.  166:  23-65.  193.  198: 
193-218.  216:  19-132,  170-231.  255:  1-39.  267: 7-15.  270:  141-153. 
293:43-55.  295:53-67.  358:310-324.  393:5-31.  457:250-267. 

33.  The  Story  of  the  Pullman  Car.  251:56-135.  255.  267:70-83. 

34.  Block  Signalling  on  RaUroads.  267:61-69.  427:1-14.  454:201-229. 
457:  174-189. 
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35.  Bridge  Building.  42:  183-210.  43:  95-108,  292-310.  44:  121-140.  45: 
98-109.  118:137-149.  143:  131-152.  161:11-81.  166:  103-140.  270: 
1-11.  291:216-242.  337:173-208.  455:82-138. 

36.  Electric  Railways.  65:  110-117.  94:104-124.  118:255-270.  131:296- 
298.  261:162-176.  267:  84-91.  278:182-190.  393:  229-233.  437: 
97-116. 

37.  Tunnels.  118:  241-254.  161:  186-218.  166:  141-187.  251:  48-55. 
270:  12-23,  154-176.  294:  100-119.  455:  204-244. 

38.  Building  and  Operating  Railroads.  118:122-136.  166:  66-102.  251: 
15-47.  291:  302-309.  339.  344:223-229.  393:  148-226.  427:  1-14, 
36-43,  63-73.  437.  443.  455:  139-182.  457:  164-173,  228-297. 

39.  Transportation  and  Travel  in  Colonial  Times.  149:  325-363. 

40.  Helium  Gas.  101:78-81. 

41.  The  Construction  of  Locomotives.  304:  223-245.  457:  268-287. 

42.  The  Development  of  the  Modem  Locomotive.  118:  86-93.  251:  56- 
135.  262:  218-275.  265.  267:  16-44.  270:  186-208.  298:  148-167. 
358:  139-158,242-274.  437:63-96. 

43.  Interesting  Railroads.  43:  283-291.  161:253-265,275-284.  267:  152- 
252.  455:  139-204.  457:  18-128,  153-163,  215-234. 

44.  Famous  Canals.  3:  273-412.  161:  91-117.  166:  226-273.  211.  291: 
12-28.  293:  133-150.  455:  245-292. 

45.  The  Gyroscope  and  Gyro-Car.  131:  1-24.  229:  56-75. 

46.  Navigating  Installments.  93:188-215.  271:  1-9.  450:  156-175. 

47.  Homemade  Toy  Railway.  40:  142-177.  202:  47-59. 

48.  Discoverers  and  Inventors  in  Science.  Archimedes;  Dumont,  Santos; 
Ericsson,  John;  Ford,  Henry;  Fulton,  Robert;  Gilbert,  William ; Hol- 
land, John  P.;  Langley,  S.  P.;  Lilienthal,  Otto;  Montgolfier  Brothers; 
Murdock,  William;  Stephenson,  G.;  Stevens,  John  and  Robert  L.; 
Westinghouse,  George;  Wright,  Wilbur  and  Orville;  Zeppelin,  Count 
Ferdinand  von.  (See  pages  706-709.) 

IV.  BIOGRAPHIES  of  LEADING  SCIENTISTS 

Allen,  A.  H.  The  Beginnings  of  Printing.  Lederer,  1923.  53  pp. 
Allen,  Grant.  Charles  Darwin.  Appleton,  1885.  206  pp. 

Bachman,  F.  P.  Great  Inventors  and  Their  Inventions.  American  Book, 
1918.  272  pp.  (Bell,  Bessemer,  Edison,  Fulton,  Gutenberg,  Holland, 
Marconi,  McCormick,  Morse,  Stephenson,  Watt,  Whitney,  Wright.) 
Bolton,  H.  C.  Evolution  of  the  Thermometer.  Chemical  Pub.  Co., 
1900.  98  pp.  (Fahrenheit,  Galilei.) 

Brashear,  J.  a.  John  A.  Brashear:  The  Autobiography  of  a Man  Who 
Loved  the  Stars.  American  Society  of  Mechanical  Engineers,  1924. 

262  pp. 

Bridges,  T.  C.,  and  Tiltman,  H.  H.  Master  Minds  of  Modern  Science. 
Lincoln  MacVeagh,  The  Dial  Press,  1931.  278  pp.  (Baird,  Millikan, 
Parsons,  Ross.) 

Bryan,  G.  S.  Edison,  The  Man  and  His  Work.  Knopf,  1926.  350  pp. 
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Burns,  E.  E.  The  Story  of  Great  Inventions.  Harper,  1910.  248  pp. 
(Ampere,  Archimedes,  Bell,  De  Forest,  Edison,  Faraday,  Franklin, 
Galilei,  Galvani,  Guericke,  Marconi,  Morse,  Newcomen,  Oersted, 
Papin,  Pascal,  Stephenson,  Torricelli,  Volta,  Watt.) 

Carnegie,  Andrew.  James  Watt.  Oliphant  Anderson,  1905.  164  pp. 
Charnley,  M.  V.  The  Boys’  Life  of  the  Wright  Brothers.  Harper, 
1928.  291  pp. 

CocKRANE,  J.  A.  Lavoisier.  Constable,  1931.  264  pp. 

Collins,  A.  F.  Aviation  and  All  About  It.  Appleton,  1929.  260  pp. 
(Langley,  Lilienthal,  Wright.) 

Conn,  H.  W.  Bacteria,  Yeasts,  and  Molds  in  the  Home.  Ginn,  1932. 
320  pp.  (Pasteur,  Koch.) 

Cooper,  F.  T.  Thomas  A.  Edison.  Stokes,  1914.  236  pp. 

Crabtree,  J.  H.  Pioneers  of  Progress:  Richard  Arkwright.  Sheldon 
Press,  1923.  78  pp. 

Cramp,  William.  Michael  Faraday,  and  Some  of  His  Contemporaries. 
Pitman,  1931.  68  pp. 

D ARROW,  F.  L.  The  Boys’  Own  Book  of  Great  Inventions.  Macmillan, 
1924.  385  pp.  (Bell,  Edison,  Faraday,  Field,  Galilei,  Galvani,  Mar- 
coni, Morse,  Newcomen,  Volta,  Watt.) 

Harrow,  F.  L.  Masters  of  Science  and  Invention.  Harcourt,  1923. 
350  pp.  (Leading  scientists  in  various  fields:  Agassiz,  Bessemer,  Clark, 
Einstein,  Galilei,  Herschel,  La  Place,  Newton,  Pasteur,  and  others.) 
Harrow,  F.  L.  Thinkers  and  Hoers.  Silver  Burdett,  1925.  378  pp. 
(Arkwright,  Cavendish,  Havy,  Faraday,  Fulton,  Galilei,  Gutenberg, 
Hargreaves,  Lavoisier,  Morse,  Priestley,  Stephenson,  Watt,  and  others.) 
He  Kruif,  Paul.  Microbe  Hunters.  Harcourt  Brace,  1926.  363  pp. 
(Bruce,  Ehrlich,  Grassi,  Koch,  Leeuwenhoek,  Metchnikoff,  Pasteur, 
Reed,  Ross,  Roux,  Smith,  Spallanzani,  von  Behring.) 

Hendy,  Arthur.  Animal  Life  and  Human  Progress.  Constable,  1919. 
227  pp.  (Bruce.) 

Howning,  E.  R.  Science  in  the  Service  of  Health.  Longmans  Green, 
1930.  320  pp.  (Carroll,  Gorgas,  Harvey,  Koch,  Laveran,  Lazear, 
Leeuwenhoek,  Lister,  Malpighi,  Metchnikoff,  Needham,  Pasteur, 
Redi,  Reed,  Ross,  Roux,  Smith,  Stiles,  von  Behring.) 

Hyer,  F.  L.,  and  Martin,  T.  C.  Edison,  His  Life  and  Inventions. 
(2  Vols.)  Harper,  1929. 

Frankland,  P.  F.  Our  Secret  Friends  and  Foes.  Young,  1894.  (Pas- 
teur.) 

Gibson,  C.  R.  Heroes  of  the  Scientific  World.  Seeley,  1930.  344  pp. 
(Brahe,  Copernicus,  Havy,  Galilei,  Herschel,  Kepler,  Newton,  Priest- 
ley.) 

Goddard,  H.  Eminent  Engineers.  Herry-Collard,  1906.  208  pp.  (Ark- 
wright, Bessemer,  Franklin,  Fulton,  Stephenson,  Watt,  Whitney.) 
Goldsmith,  Margaret.  Zeppelin,  A Biography.  Morrow,  1931.  278  pp. 
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GLOSSARY 


This  is  a list  of  the  important  scientific  words  in  the  text, 
together  with  their  pronunciations  and  meanings.  The  marked 
letters  are  sounded  according  to  the  letters  in  the  following 
list  of  sample  words  as  given  in  Webster’s  Dictionary. 


ale,  chaotic,  care,  add,  arm, 
ask,  account,  sofa, 
eve,  event,  end,  maker, 
recent, 
food,  foot, 
ice,  ill,  charity. 


old,  obey,  orb,  odd,  connect, 
out,  oil. 

cube,  unite,  Orn,  tip,  menii, 
circws. 

nature,  verdure. 
zh  = z as  in  azure. 


Acetic  (o  se'tik)  acid;  a colorless  liquid  with  a sour  or  biting  taste,  a com- 
pound of  hydrogen,  oxygen,  and  carbon. 

Acid  (as'id) : the  name  given  to  a class  of  substances  generally  sour  or  bitter 
to  the  taste,  soluble  in  water,  and  that  turn  blue  litmus  to  red. 

Adenoid  (ad'e  noid) : glandular  tissue  between  the  back  of  the  nose  and 
the  throat. 

Adhesion  (ad  he'zhwn) : sticking  fast  or  sticking  tightly  together. 

Adulterate  (d  dul'ter  at) : to  make  worse  or  inferior  by  adding  something 
of  lower  value. 

Aerial  (ar'I  dl;  a er'i  dl) : of  the  air;  in  the  air;  like  the  air;  consisting  of  air. 
Wires  in  the  air  for  receiving  and  sending  radio  waves. 

Alimentary  (aHmen'tdri)  canal:  the  name  given  to  the  parts  of  the 
body  through  which  food  passes. 

Alkali  (al'kd  H) : the  name  given  to  various  substances  characterized  by 
their  peculiar  taste,  by  their  changing  red  litmus  to  blue,  and  by  their 
forming  salts  when  combined  with  acids.  Soda,  potash,  and  ammonia 
are  alkalies. 

Alloy  (d  loi') : a mixture  of  two  or  more  metals. 

Alternating  (al'ter  nat  mg)  current:  a current  that  is  constantly 
changing  direction  back  and  forth  in  the  circuit. 

Amber  (am'ber) ; a hard,  yellow  or  yellowish-brown,  translucent  substance 
which  is  the  fossilized  gum  of  pine  trees  of  long  ago. 

Ampere  (am  par') : the  unit  for  measuring  the  amount  of  current  flowing 
through  a wire. 

Amplification  (am  p\t  fi  ka'shdn):' enlargement  or  extension. 

Analysis  (dnal'^sis):  the  separating  of  anything  into  its  various  parts. 

Anemometer  (an  e mom'e  ter) : an  instrument  for  measuring  the  force  or 
speed  of  wind. 

Aniline  {an’l  lin):  a colorless  liquid,  a compound  of  carbon,  nitrogen,  and 
hydrogen,  obtained  from  coal  tar. 
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Annealing  (a  nel'mg) : toughening  certain  substances  by  heating  and 
gradually  cooling. 

Antibodies  (an'ti  bod  iz):  substances  in  the  blood  which  destroy  or  injure 
harmful  bodies  or  poisons  in  the  blood. 

Anticyclone  (an'ti  si'klbn) : an  area  of  high  air  pressure  where  the  winds 
blow  spirally  outward. 

Antiseptic  (an  ti  sep'tik) : a substance  which  prevents  or  stops  the  action 
of  poison-producing  bacteria. 

Antitoxin  (an  ti  tok'sin) : a substance  which  makes  a poison  in  the  blood 
harmless. 

Aorta  (a  or'td) : the  artery  which  carries  blood  to  ail  parts  of  the  body 
except  the  lungs. 

Aqueduct  (ak'we  dukt) : an  artificial  channel  or  large  pipe  to  bring  water 
from  a distance. 

Aqueous  humor  (a'kwe  ds  hu'mer) : a clear,  watery  liquid  that  fills  the 
space  between  the  lens  and  the  cornea  of  the  eye. 

Armature  (ar'md  ^r) : coils  of  wire  that  revolve  in  a magnetic  field  to 
produce  electric  current. 

Artery  (ar'ter  i):  a blood  vessel  that  carries  blood  away  from  the  heart. 

Artesian  (ar  te'zhdn)  well:  a well  from  which  water  flows  with  consider- 
able force  because  the  water  is  under  pressure. 

Astigmatism  (d  stig'md  tiz’m) : a defect  of  the  eye  which  prevents  rays 
from  coming  to  a focus  on  a single  point,  thus  causing  a blurred  or  hazy 
image. 

Astrology  (ds  trol'o  ji):  a false  science  that  claims  to  determine  the  effect 
of  the  stars  and  planets  on  persons  and  events. 

Astronomy  (as  tron'o  mi) : the  science  of  the  heavenly  bodies. 

Atmosphere  (at'mds  fer) : the  mass  of  air  surrounding  the  earth ; also,  the 
mass  of  gases  that  may  surround  other  heavenly  bodies. 

Atom  (at'dm):  the  smallest  particle  of  which  matter  consists.  Atoms,  in 
turn,  make  up  molecules,  next  larger  particles. 

Auricle  (6'ri  k’l) : one  of  the  two  upper  chambers  of  the  heart. 

Axis  (ak'sis):  a real  or  imaginary  straight  line  about  which  an  object 
revolves. 

Bacillus  (bdsil'ds),  plural  bacilli  (bd  sil'i):  any  of  a cylinder-  or  rod- 
shaped microscopic  plant. 

Bacteria  (bakter'id),  singular  bacterium  (bak  ter'i  dm) : microscopic 
plants. 

Bacteriologist  (bak  ter  i 61'6  jist):  one  who  is  trained  in  the  science  or 
knowledge  of  bacteria. 

Baffle  (baf'd)  plate:  device  for  hindering,  changing,  or  otherwise  regulat- 
ing the  flow  of  a liquid  or  a gas. 

Ballast  (bal'dst) : any  heavy  material  carried  in  a balloon,  ship,  or  other 
vehicle  to  keep  it  steady  and  right  side  up. 

Barometer  (bd  rom'e  ter) : ah  instrument  for  measuring  the  pressure  of 
the  atmosphere. 

Basalt  (bd  solt') : any  of  several  dark-colored,  finely  grained,  igneous  rocks, 
volcanic  in  origin. 
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Bile  (bil) : a bitter,  yellowish  liquid  secreted  by  the  liver  to  aid  in  digestion. 

Bituminous  (bltu'minws)  coal:  a soft,  easily  crumbled  coal  containing 
such  bituminous  substances  as  naphtha,  asphalt,  tar,  and  petroleum. 

Bone  black:  a powdery  black  substance  made  by  heating  bone  in  a vessel 
from  which  air  is  excluded. 

Bore  (bor) : a round  hole  or  the  diameter  of  such  a hole. 

Brine  (brin):  very  salty  water. 

Bronchi  (brong'kl) : one  of  the  subdivisions  of  the  windpipe. 

Buoyancy  (boi'an  si) : the  upward  pressure  exerted  by  a liquid  or  a gas  on 
a body. 

Calorie  (karori):  a unit  for  measuring  amount  of  heat;  the  amount  of 
heat  required  to  raise  the  temperature  of  one  kilogram  of  water  one 
degree  centigrade. 

Capillary  (kap'l  ler  i) : a fine  hair-like  tube  joining  the  end  of  an  artery 
to  the  beginning  of  a vein. 

Carbohydrate  (kar  bo  hi'drat) : any  of  a number  of  substances  made  up 
of  carbon,  hydrogen,  and  oxygen. 

Carbon  dioxide  (kar'bon  dl  ok'sid) : a heavy,  colorless,  odorless  gas  made 
up  of  carbon  and  oxygen. 

Carbon  tetrachloride  (tet  rd  klo'rid) : a liquid  which  changes  at  low 
temperature  to  a vapor  five  times  heavier  than  air. 

Celanese  (sel'anez):  a man-made  fibre  manufactured  from  cotton  and 
resembling  silk  in  appearance. 

Centigrade  (sen'ti  grad) : made  up  of  one  hundred  parts  or  divisions. 

Centrifugal  (sen  trif 'u  gdl) : moving  away  from  or  outward  from  the 
center. 

Chemical  properties:  the  characteristics  which  a material  shows  when  it 
undergoes  chemical  changes. 

Chemistry  (kem'is  tri) : the  science  of  the  composition  of  substances,  that 
is,  what  they  are  made  of  and  the  laws  which  govern  their  changes  when 
they  unite  with  other  substances. 

Chlorine  (klo'ren;  klo'rm):  an  element  usually  in  the  form  of  a greenish- 
yellow,  poisonous,  suffocating  gas. 

Chlorophyll  (klb'ro  fil) : the  green  coloring  matter  of  plants. 

Chloroplast  (klo'ro  plast) : a tiny  body  or  kind  of  cell  that  contains 
chlorophyll. 

Choroid  (ko'roid)  coat:  a delicate  membrane  enveloping  the  eye  between 
the  sclerotic  coat  and  the  retina. 

Chronometer  (kro  nom'e  ter) : a very  exact  instrument  for  keeping  time. 

Cirro-stratus  (sir  o-stra'tws) : a fairly  uniform  layer  of  dark  clouds. 

Cirrus  (sit'us)  : a white,  fluffy  type  of  cloud. 

Cocci  (kok'si),  singular  coccus  (kok'ws):  round-shaped  bacteria. 

Cochlea  (kok'le  d) : the  spiral-shaped  part  of  the  inner  ear. 

Cocoon  (kd  kdon') : a silky  case  or  shell  made  by  worms  and  caterpillars  to 
live  in  while  they  are  turning  into  moths  or  butterflies. 

Cohesion  (ko  he'zhwn) : sticking  together. 

Combustible  (kdm  biis'tz  b’l) : capable  of  taking  fire  and  burning,  generally 
with  a flame. 
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Combustion  (kom  bus'chan) : combination  of  a substance  with  oxygen, 
generally  so  rapid  as  to  produce  heat  and  light. 

Commutator  (kom'u  ta  ter) : a device  for  changing  the  direction  of  flow 
of  an  electric  current. 

Complementary  (kom  pie  men'td  ri)  colors:  colors  that  when  mixed 
make  white. 

Composition  (kom  p6  zish'wn):  the  make-up  of  anything;  what  is  in  it. 

Compound  (kom'  pound) : a substance  made  up  of  two  or  more  elements. 

CoMPRESSiONAL  (kom  presh'^n  dl)  force:  a force  which  tends  to  push 
parts  of  an  object  together  or  to  crush  the  material  on  which  the  force 
rests. 

Concave  (kon'kav) : hollow  or  curved  inward. 

Concentration  (kon  sen  tra'shdn) : being  brought  more  closely  together  or 
increasing  the  strength  of  anything. 

Condensation  (kon  den  sa'shdn):  making  more  dense  or  compact. 

Conduction  (kdn  duk'shdn) : carrying,  conveying,  or  transmitting  from 
one  thing  to  another. 

Conduit  (kon'dit):  a channel  or  pipe  for  the  flow  of  liquids  from  one 
place  to  another;  a pipe,  tube,  or  underground  passage  for  electric  wires. 

Conglomerate  (kdn  glom'er  it) : a rock  made  up  of  pebbles  and  other 
small  stones  held  together  by  some  finer  cementing  material,  as  sand. 

Constellation  (kon  ste  la'shdn) : a fixed  group  of  stars. 

Constipation  (kon  stt  pa'shdn) : a sluggish  condition  of  the  bowels,  as  a 
result  of  which  they  do  not  easily  discharge  solid  wastes. 

Contagious  (kdn  ta'jds):  easily  spread  from  one  person  to  another. 

Contaminate  (kdn  tam't  nat) : to  defile,  taint,  pollute,  or  soil. 

Convection  (kdn  vek'shdn) : transfer  or  transmission  of  heat  by  means  of 
currents  of  air  or  liquids. 

Convex  (kon'veks) : curved  outward  like  the  outside  of  a ball. 

Cornea  (kor'ne  d):  the  transparent  outside  covering  of  the  eyeball. 

Corpuscle  (kor'pus’l):  a small  body;  one  of  the  cells,  either  red  or  white, 
that  make  up  a large  part  of  the  blood. 

Cosmic  (koz'mik)  rays:  invisible  rays  of  energy  which  bombard  the  earth 
from  all  sides.  Scientists  are  not  sure  where  they  come  from  or  just 
what  they  do. 

Crude  oil:  raw  petroleum  as  it  comes  from  the  earth. 

Cumulus  (ku'mu  Ids) : a mountainous-looking  cloud  with  a flat  base  and 
rounded  outlines. 

Curvilinear  (kur  vi  Im'e  er) : made  up  of  curved  lines. 

Cyclone  (sl'klon) : an  atmospheric  condition  of  low  pressure  around  which 
winds  revolve  and  blow  inward.  The  low-pressure  centre  is  constantly 
moving. 


Data  (da'td) ; singular  datum  (da'tdm) : facts  or  things  admitted  to  be  true. 
Decomposition  (de  kom  p6  zish'dn) : the  separating  of  a substance  into 
the  parts  that  compose  it;  rot;  decay. 

Density  (den's^ti):  closeness;  compactness;  the  amount  of  material  in  a 
given  unit  of  a substance. 

Deposition  (depo  zish'  dn) : the  dropping  or  laying  down  of  a material. 
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Dermis  (dQr'mis) ; the  layer  of  skin  beneath  the  epidermis  or  outer  layer. 

Diagnose  (diagnds'):  to  find  out  the  nature  of  something  by  careful 
examination. 

Diaphragm  (di'd  fram) ; a thin  dividing  partition. 

Diastrophism  (dl  as'tro  fiz’m) : all  the  processes  by  which  the  earth’s 
surface  is  changed  in  elevation. 

Diffuse  (di  fus') : spread  out. 

Digestion  (di  jes'cliMn) : the  process  of  changing  foods  so  that  they  can  be 
absorbed  by  the  blood. 

Direct  current:  electric  current  that  flows  in  one  direction  only. 

Disinfectant  (dis  in  fek'tant) : a substance  that  destroys  disease-produc- 
ing germs,  but  is  not  used  on  the  human  body. 

Dissolve  (di  zolv'):  to  make  liquid  by  mixing  with  a liquid;  to  change  a 
solid  to  liquid  form  by  mixing  it  with  a liquid. 

Distillation  (dis  tl  la'shwn) : changing  a liquid  to  a vapor  by  heat  and 
then  changing  the  vapor  back  into  a liquid  by  cooling. 

Duct  (dukt) : a tube  or  canal  for  carrying  a liquid. 

Ductile  (duk'til) : capable  of  being  hammered  out  thin  or  drawn  out  thin. 

Dune  (dun) : a mound  or  ridge  of  loose  sand  piled  up  by  the  wind. 

Eccentric  (ek  sen'trik) : a device  used  on  machines  for  changing  circular 
motion  into  back-and-forth  motion. 

Eclipse  (e  klips') : a passing  from  sight  because  light  is  cut  off ; thus,  an 
eclipse  of  the  sun  is  caused  when  the  moon  is  between  the  earth  and  the 
sun. 

Efficiency  (e  fish'en  si) : in  relation  to  machines,  the  ratio  of  the  work 
done  by  the  machine  to  the  work  put  into  it. 

Elasticity  (e  las  tis't  ti) : that  property  of  certain  materials  which  causes 
them  to  return  to  their  original  size  and  shape. 

Electrode  (e  lek'trod):  either  of  the  two  poles  or  terminals  of  a battery  or 
any  other  source  of  electricity. 

Electrolyte  (e  lek'tro  lit) : a compound  that  is  broken  up  by  an  electric 
current. 

Electromagnet  (e  lek  tro  mag'net) : a piece  of  soft  iron  made  into  a 
magnet  by  an  electric  current  in  a wire  coiled  around  the  iron. 

Electromotive  (e  lek  tro  mo'tiv)  force  : the  force  which  produces  a flow 
of  electricity. 

Electron  (e  lek'tron) : a tiny  particle  containing  one  unit  of  negative 
electricity. 

Element  (el'e  ment) : a single  material  which  cannot  yet  be  separated  into 
simpler  parts. 

Elephantiasis  (el  e fan  tl'd  sis) : a disease  which  affects  the  skin,  chiefly 
of  the  legs,  and  enlarges  the  tissue  -so  affected. 

Emulsion  (e  mul'shwn) : a milk-like  liquid  containing  very  tiny  drops  of 
fat  or  some  other  substance. 

Epidemic  (ep  t dem'ik) : a rapid  spreading  of  a disease,  so  that  many  people 
have  it  at  once. 

Erode  (e  rod') : to  eat  away  or  to  wear  away. 

Erosion  (e  ro'zhwn):  an  eating  away  or  a wearing  away;  thus,  the  earth  is 
eroded  by  the  action  of  water,  air,  and  plants. 
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Esophagus  (e  sof'd  gus) : the  passage  for  food  from  the  mouth  to  the 
stomach. 

Ether  (e'ther) : the  light  substance  which  is  supposed  to  fill  all  space  and 
to  transmit  light,  electric  waves,  etc. 

Evaporation  (e  vap  6 ra'shdn):  the  change  of  liquid  to  a vapor. 

Excrete  (eks  kret') : to  separate  and  expel  waste  matter. 

Expiration  (ek  spt  ra'shdn) : the  breathing  out  of  air  from  the  lungs. 

Factor  of  safety:  the  number  of  times  a building  is  stronger  than  it 
apparently  needs  to  be. 

Fahrenheit  (far'en  hit):  designates  a scale  on  a thermometer  which  has 
32°  for  the  temperature  at  which  ice  melts,  and  212°  for  the  temperature 
at  which  water  boils. 

Fault:  a break  in  rocks,  causing  them  to  slip  past  each  other. 

Feldspar  (feld'spar):  a crystalline  mineral,  red  or  white  in  color. 

Felting  (felt'mg):  the  action  of  alkalies  or  extreme  temperatures  upon 
wool  fibers,  causing  them  to  shrink  to  a felt-like  mass. 

Fermentation  (fur  men  ta'sh^n) : a chemical  change  in  which  sugar  is 
turned  to  alcohol  and  carbon  dioxide  gas. 

Fever:  body  temperature  that  is  considerably  above  98.6°F. 

Fibre  (fi'ber):  a tough  thread  which  may  be  spun  and  woven  into  a fabric; 
a thread-like  bit  of  anything. 

Field  Magnet  (mag'net):  part  of  a generator  made  of  soft  iron  wound 
with  wire  through  which  an  electric  current  passes. 

Filament  (fil'd  ment):  a very  fine  thread,  as,  the.  filament  in  an  electric- 
light  bulb. 

Film  (film):  a very  thin  coating;  in  photography,  a thin  strip  of  celluloid 
coated  with  gelatin  containing  silver  bromide. 

Fissure  (fish'er):  a narrow  opening,  as,  a fissure  in  rocks. 

Fixed  carbon  (kar'bdn):  the  amount  of  carbon  in  coal  which  is  not  com- 
bined with  other  elements. 

Fixing  solution:  one  which  acts  on  silver  bromide  to  make  it  non-sensitive 
to  further  action  by  light. 

Flume  (floom):  an  artificial  channel  to  carry  water  from  a distance. 

Focus  (fo'kds):  a point  at  which  rays  of  heat,  light,  etc.,  meet  after  being 
reflected  or  refracted. 

Focus  OF  infection:  a certain  location  at  which  germs  establish  them- 
selves. 

Foot-pound:  the  unit  of  work  in  the  English  system  which  equals  the  work 
of  raising  one  pound  to  the  height  of  one  foot. 

Force:  a push  or  pull  that  tends  to  set  a body  in  motion  or  to  stop  a body 
that  is  already  moving. 

Formalin  (for'md  Im):  a solution  of  formaldehyde  in  water. 

Fossil  (fos'il):  the  hardened  remains  or  trace  of  an  animal  or  a plant. 

Free  electron  (elek'tron):  a tiny,  negatively  charged  particle  of  elec- 
tricity which  is  not  a part  of  any  particular  atom. 

Frequency  (fre'kwen  si):  rate  of  occurrence. 

Friction  (frik'shdn):  the  resistance  to  motion  of  surfaces  in  contact,  as, 
the  friction  between  wheels  and  track;  the  rubbing  of  one  thing  against 
another. 
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Fuel  foods:  foods  which  supply  most  of  the  energy  needs  of  the  body,  as, 
carbohydrates  and  fats. 

Fuel  value:  the  amount  of  energy  furnished  by  a food. 

Fulcrum  (ful'krwm) : the  support  on  which  a lever  turns  in  moving  a body. 

Fumigate  (fu'migat):  to  expose  to  smoke  or  fumes  for  disinfecting  pur- 
poses. 

Function  (fungk'shwn) : the  proper  work  of  anything,  as,  the  function  of 
the  heart. 

Fungi  (fun'jl),  singular  fungus  (fung'gws):  a kind  of  plant  lacking  in 
chlorophyll,  such  as  mushroom,  toadstool,  mold,  and  mildew. 

Galactic  (gd  lak'tik)  system:  a system  made  up  of  innumerable  galaxies, 
each  of  which  is  composed  of  millions  of  stars  and  their  own  systems  of 
planets  and  satellites. 

Galaxy  (gal'dk  si) : a watch-shaped  arrangement  of  countless  stars,  each 
of  which  has  a system  of  its  own  similar  to  our  solar  system. 

Galena  (gd  le'nd) : a valuable  lead  ore. 

Galvanize  (gal  Vd  niz) : to  cover  (iron  or  steel)  with  a surface  of  zinc. 

Galvanometer  (gal  vd  nom'e  ter):  an  instrument  used  to  find  out  the 
intensity  or  the  direction  of  an  electric  current. 

Gastric  gland  (gas'trik  gland) : one  of  the  organs  located  in  the  membrane 
of  the  inside  wall  of  the  stomach,  which  secretes  gastric  juice. 

Gastric  juice:  the  digestive  juice,  formed  in  the  stomach,  which  aids  in 
the  digestion  of  proteins. 

Generator  (jen'er  a ter) : an  apparatus  for  producing  electricity,  gas,  or 
steam;  a machine  for  changing  mechanical  energy  into  electrical  energy. 

Germ  (jurm):  a one-celled,  microscopic  plant  or  animal  which  causes 
disease;  a seed  or  bud;  the  beginning  of  anything. 

Germicide  (jur'mt  sid):  a substance  that  kills  germs. 

Geyser  (gi'zer;  gl'ser):  a hot  spring  which  sends  up  at  frequent  intervals 
a jet  of  hot  water  or  steam. 

Glacial  (gla'shdl)  drift:  the  material  transported  by  glaciers. 

Glacier  (gla'sher):  a mass  of  ice  formed  by  pressure  from  snow  on  high 
ground,  which  flows  slowly  outward  and  downward. 

Gland  (gland) : a group  of  cells  in  the  body  which  make  and  give  out  some 
certain  substance. 

Gneiss  (nis):  a metamorphic  rock  much  like  granite. 

Gram  (gram) : a unit  of  weight  in  the  metric  system. 

Gram-centimetre  (sen't^  me  ter) : the  unit  of  work  in  the  metric  system, 
which  equals  the  work  of  exerting  a force  of  one  gram  through  a dis- 
tance of  one  centimetre. 

Grid  (grid):  a ridged  lead  plate  used  in  storage  batteries;  a network  of  fine 
wire  in  a radio  vacuum  tube. 

Grid  receiver:  a device  using  a neon-filled  light-tube  for  the  purpose  of 
enlarging  pictures  produced  by  a television  receiver. 

Gypsum  (jip'swm):  a mineral  used  to  make  plaster  of  Paris. 

Head  of  water:  the  height  of  water  above  a certain  place. 

Heat  of  condensation  (kon  den  sa'sh^n):  the  giving  up  of  539  calories  of 
heat  by  each  gram  of  steam  when  it  changes  from  a vapor  to  a liquid. 
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Heat  of  fusion  (fa'zhwn);  the  requirement  of  80  calories  of  heat  to  melt 
one  gram  of  ice. 

Heat  of  vaporization  (va  per  i za'shwn) : the  requirement  of  539  calories 
of  heat  to  change  one  gram  of  water  into  steam. 

High-frequency  alternating  currents:  the  currents  of  electricity 
sending  out  radio  waves  to  the  surrounding  space. 

Hookworm  (hdok'wurm) : a worm  that  gets  into  the  intestines  and  causes 
a disease  marked  by  weakness  and  loss  of  energy. 

Horsepower:  the  common  unit  of  power,  which  equals  33,000  foot-pounds 
of  work  per  minute. 

Host  (host):  the  living  thing  upon  which  a parasite  lives  and  usually 
obtains  its  nourishment. 

Humidity  (hu  mid'l  ti) : the  amount  of  water  vapor  in  the  air. 

Hydraulic  (hi  drb'lik) : having  to  do  with  water. 

Hydrocarbon  (hi  dro  kar'bon) : any  compound  containing  only  hydrogen 
and  carbon. 

Hydrogen  oxide  (hi'drojin  ok'sid):  water,  composed  of  two  parts  of 
hydrogen  and  one  of  oxygen. 

Hydrometer  (hi  drom'e  ter) : an  instrument  for  finding  the  specific 
gravity  or  density  of  liquid. 

Hypothesis  (hi  poth'e  sis) : an  explanation  of  certain  conditions,  assumed 
because  it  seems  to  fit  the  observed  facts. 


Igneous  (ig'ne  us):  pertaining  to  a kind  of  rock  formed  by  intense  heat. 

Immunity  (imu'ntti):  freedom  from,  or  the  condition  of  being  able  to 
resist  something,  as,  immunity  from  disease. 

Impervious  (im  pur'vi  us) : not  letting  a thing  pass  through,  as,  the  layer 
of  rock  is  impervious  to  water. 

Impregnate  (im  preg'nat) : to  saturate  or  to  fill  with. 

Incandescent  (in  kan  des'ent) : glowing  or  white  with  heat. 

Incidence  (in's?  dens):  the  act,  fact,  or  manner  in  which  something  falls 
upon  or  affects  something  else. 

Incombustible  (in  kom  bus't?  b’l):  not  capable  of  being  burned. 

Incubation  (in  ku  ba'shwn)  period:  pertaining  to  disease,  the  time  be- 
tween the  entrance  of  germs  into  the  body  and  the  appearance  of  the 
first  symptoms. 

Induction  (in  duk'shwn)  coil:  a device,  used  in  telephones  and  radios, 
for  transforming  current  from  a battery  into  alternating  current  of  high 
frequency. 

Inertia  (inur'shd):  the  tendency  of  a body  to  stay  still  if  still,  or  if 
moving,  to  go  on  moving  in  the  same  direction,  unless  acted  upon  by 
some  outside  force. 

Infect  (in  fekt'):  to  cause  disease  by  filling  with  germs. 

Infectious  disease  (in  fek'shws  di  zez'):  one  caused  by  germs  which  enter 
the  body  and  grow  there. 

Inference  (in'fer  ens):  a conclusion  drawn  by  reasoning. 

Inflammation  (in  fld  ma'shitn):  a diseased  condition  of  some  part  of  the 
body,  causing  heat,  redness,  swelling,  and  pain. 
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Inoculate  (mok'ulat):  to  infect  a person  or  animal  with  germs  which 
will  cause  a mild  form  of  a disease  to  prevent  his  taking  the  regular 
disease. 

Insulator  (m'su  later);  a material  which  conducts  heat,  sound,  or  elec- 
tricity only  with  difficulty. 

Intensity  (m  ten's?  ti):  extreme  degree;  strength,  as,  the  intensity  of  light. 

Intestinal  (m  tes't?  nd\)  juice:  a digestive  juice  secreted  by  glands  in  the 
small  intestine. 

Ion  (i'on):  one  of  the  electrified  particles  into  which  some  materials  are 
broken  up  by  electricity. 

Iris  (i'ris);  the  colored  part  of  the  eye  around  the  pupil. 

Iron  oxide  (ok'sid):  a substance,  often  called  iron  rust,  formed  by  iron 
combining  with  oxygen. 

Kilocycle  (kil'6  si  k’l) : a unit  equal  to  1000  cycles,  or  vibrations,  used 
especially  in  radio  for  measuring  the  frequency  of  electric  waves. 

Kilogram  (kll'6  gram) : a weight  in  the  metric  system  equal  to  1000  grams 
or  2.2  pounds. 

Kilowatt  (kil'6  wot) : a unit  of  electric  power  equal  to  1000  watts. 

Kilowatt-hour:  use  of  1000  watts  of  electric  power  during  one  hour. 

Kinetic  (ki  net'ik)  energy:  active  energy;  energy  of  motion. 

Knot;  a nautical  mile  (6080.27  ft.),  forming  a unit  of  speed. 

Larva  (lar'vd) : the  grub  or  caterpillar  of  an  insect  from  the  time  it  leaves 
the  egg  until  it  becomes  a pupa. 

Larynx  (lar'ingks):  the  structure  at  the  top  of  the  windpipe,  where  the 
vocal  cords  are. 

Latitude  (lat'?  tud) : distance  north  or  south  of  the  equator  measured  in 
degrees. 

Lava  (la'vd):  molten  rock,  which  flows  from  volcanoes  or  through  great 
cracks  in  the  earth. 

Lead  peroxide  (led  per  ok'sid) : the  material  used  for  the  positive  elec- 
trodes of  a storage  battery. 

Lens  (lenz):  a piece  of  glass  or  something  like  glass  that  will  bring  closer 
together  or  send  wider  apart  the  rays  of  light  passing  through  it. 

Life  cycle:  stages  in  the  development  of  an  organism  from  fertilized  egg 
to  adult. 

Light  year:  the  distance  which  light  travels  in  one  year. 

Litmus  (lit'mws):  a blue  coloring  matter,  used  to  make  litmus  paper  for 
testing  purposes,  since  it  is  turned  red  by  acids  and  restored  to  blue  by 
alkalies. 

Longitude  (Ion 'jl  tud):  distance  east  or  west  of  the  prime  meridian  at 
Greenwich  measured  in  degrees. 

Lubricate  (lu'bri  kat) : to  make  smooth,  slippery,  and  easy  to  work  by 
putting  on  oil  or  grease,  etc. 

Luminous  (lu'm?  nws):  full  of  light;  shining  by  its  own  light,  as,  a luminous 
flame;  the  sun  is  a luminous  body. 

Lunar  eclipse  (lu'ner  e klips') : the  passing  from  sight  of  the  moon  caused 
by  the  earth  getting  directly  between  the  sun  and  moon. 
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Maggot  (mag'^t):  an  insect  in  the  soft-bodied,  legless  stage  just  after 
leaving  the  egg. 

Magma  (mag'md):  molten  rock  inside  the  earth  from  which  igneous  rock 
or  lava  is  formed. 

Magnesium  (mag  ne'zhi  um) : a silver-white  metallic  mineral  which  burns 
with  a dazzling  white  light. 

Magnetic  declination  (mag  net'ik  dek  \i  na'shwn) : the  difference  be- 
tween the  true  and  magnetic  north  poles  and  between  the  true  and 
magnetic  south  poles. 

Magnetic  field:  all  the  lines  of  force,  or  invisible  rays,  which  extend 
between  the  poles  of  a magnet. 

Magnetic  poles:  the  poles  of  the  earth  located  at  some  distance  from  the 
geographical  poles. 

Magnetic  rays:  the  invisible  lines  that  extend  between  the  poles  of  a 
magnet  and  affect  pieces  of  iron  in  their  path. 

Malleable  (make  c b’l):  capable  of  being  hammered  into  thin  sheets  or 
pressed  out  of  shape  without  breaking. 

Mass:  the  quantity  of  matter  a body  contains. 

Masticate  (mas'tt  kat) : chew. 

Mechanical  advantage:  the  ratio  of  the  force  exerted  by  a machine  to 
the  force  acting  on  the  machine. 

Medullary  (med'w  ler  t)  rays:  horizontal  vessels  in  the  stems  of  plants 
which  connect  the  inner  and  outer  portions. 

Membrane  (mem'bran) : a thin  soft  sheet  or'  layer  of  animal  or  vegetable 
tissue. 

Meridian  (me  rid'i  an) : a circle  passing  through  any  place  on  the  earth’s 
surface  and  through  the  north  and  south  poles. 

Metamorphic  (met  d mor'fik) : in  geology,  pertains  to  the  change  in  the 
nature  of  rock,  due  to  pressure  and  heat. 

Meteor  (me'te  er) : a small  mass  of  matter  which  falls  to  the  earth  with 
enormous  speed,  becoming  so  heated  by  the  friction  of  the  air  that  it 
shines  and  often  burns  up. 

Meteorology  (me  te  er  61'6  ji):  the  study  of  the  atmosphere — winds, 
moisture,  temperature,  etc. — and  its  relationship  to  changes  in  weather 
and  climate. 

Metric  (met'rik)  system:  a decimal  system  of  weights  and  measures, 
based  on  the  metre  (about  Z9}4  inches  long),  and  measuring  force  in 
grams  or  kilograms. 

Mica  (mi'kd):  isinglass,  a mineral  that  divides  into  thin,  partly  trans- 
parent layers,  and  is  used  in  lanterns  and  stove  doors. 

Microbe  (ml'krob):  a microscopic  germ. 

Modulate  (mod'u  lat):  regulate;  adjust;  soften;  tone  down. 

Mold  (m5ld):  a plant  growth  which  appears  on  food  or  other  animal  or 
vegetable  substances  left  too  long  in  a warm,  moist  place. 

Molecule  (mol'ekul):  the  smallest  particle  into  which  a substance  can 
be  divided  without  chemical  change. 

Moraine  (mo  ran'):  a mass  of  rocks,  dirt,  etc.,  deposited  at  the  side  or 
end  of  a glacier. 

Mordant  (mor'dcnt):  a substance  that  fixes  colors  in  dyeing. 

Mortality  (mor  tal'l  ti):  death-rate;  loss  of  life  on  a large  scale. 
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Naphthalene  (naf 'thd  len) : a hydrocarbon  which  forms  white  crystals  of 
peculiar  odor. 

Narcotic  (nar  kot'ik) : a drug  that  produces  drowsiness,  sleep,  dullness,  or 
an  insensible  condition,  and  lessens  pain  by  dulling  the  nerves. 

Nebula  (neb'u  Id) : a mass  of  luminous  gas  or  a cluster  of  stars  very  distant 
from  our  sun  and  its  planets. 

Negative  (neg'd  tiv)  charge:  in  electricity,  the  taking  of  electrons  from 
other  materials;  thus,  silk,  being  negatively  charged,  takes  electrons 
from  glass. 

Neon  (ne'on) : a rare  gas,  used  in  television  sets  and  for  display  signs. 

Neutral  (nu'trdi):  neither  one  thing  nor  the  other;  referring  to  machinery, 
it  means  the  gears  are  in  such  position  that  no  power  is  transmitted  to 
the  wheels. 

Nimbus  (nim'bMs):  clouds  of  stormy  appearance,  which  bring  rain. 

Nitric  (ni'trik)  acid:  a clear,  colorless  liquid,  formed  by  the  action  of 
sulphuric  acid  on  nitrates,  which  eats  into  flesh,  clothing,  metal,  etc. 

Nucleus  (nu'kle  us):  a central  part  or  thing  around  which  other  parts  or 
things  are  collected;  in  biology,  an  active  body  within  an  animal  or 
plant  cell,  without  which  the  cell  cannot  grow  and  divide. 

Ohm  (5m) : the  unit  of  electrical  resistance. 

Oocyst  (5'6  sist):  tumor-like  growth. 

Opaque  (o  pak'):  not  letting  light  through. 

Optic  (op'tik)  nerve:  the  nerve  which  connects  the  eyes  and  the  part  of 
the  brain  concerned  with  vision. 

Orbit  (or'bit) : the  path  of  the  earth,  or  any  one  of  the  planets,  about  the 
sun. 

Organic  (or  gan'ik) : affecting  the  structure  of  an  organ,  as,  organic  disease. 

Organism  (6r'gdn  iz’m) : an  individual  plant  or  animal. 

Oscillate  (os'i  lat):  to  move  to  and  fro  between  two  points. 

Osmosis  (6s  mo'sis) : the  diffusion  or  passage  of  two  liquids  of  different 
densities  through  a membrane. 

Oxidation  (6k  st  da'sh^n) : the  combination  of  a substance  with  oxygen. 

Oxide  (6k'sld) : a compound  of  oxygen  with  another  element. 

Oxidizing  (6k'sr  diz  mg)  agent:  a substance  which  contains  oxygen  which 
it  will  give  up  to  other  materials. 


Pancreas  (pan'kre  as) : a gland  near  the  stomach  that  helps  digestion. 

Pancreatic  (pan  kre  at'ik)  juice:  a digestive  fluid  manufactured  by  the 
pancreas. 

Paraffin  (par'a  fin) : a white,  tasteless  substance  like  wax,  composed  of 
carbon  and  hydrogen. 

Parasite  (par'd  sit) : a plant  or  animal  which  lives  in  the  body  of  another 
living  thing  and  takes  its  food  from  that  living  thing. 

Pasteurization  (pas  ter  i za'shdn) : heating  of  milk  to  144°  F.  for  30 
minutes  to  prevent  the  growth  of  bacteria. 

Pathogenic  (path  6 jen'ik):  disease-producing. 

Peroxide  (per6k'sid):  a compound  containing  much  oxygen  and  often 
used  as  an  antiseptic. 
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Petrified  (pet'rl  fid) : changed  to  stone. 

Petroleum  (pe  trS'le  um) : an  oily,  dark-colored  liquid  found  in  the  earth 
from  which  gasoline  and  kerosene,  etc.,  are  made. 

Pharynx  (far'ingks):  the  passage  at  the  back  of  the  mouth  where  the 
passages  to  the  nose,  lungs,  and  stomach  begin. 

Phase  (faz) : the  apparent  shape  of  the  moon  at  a given  time. 

Photo-electric  (fo'to  e lek'trik)  cell:  a cell  so  constructed  as  to  cause 
fluctuations  in  electric  current  due  to  its  sensitivity  to  variations  in  light. 

Photosynthesis  (f5  to  sin'the  sis) : the  process  by  which  the  green  plant 
leaf  manufactures  starch  from  water  and  carbon  dioxide  with  the  aid 
of  sunlight  and  chlorophyll. 

Physical  properties  (fiz'i  kol  prdp'er  tiz) : the  characteristics,  such  as 
color,  texture,  transparency,  etc.,  by  which  one  commonly  identifies  a 
material. 

Physicist  {iiz'l  sist) : a person  who  is  trained  in  physics,  the  science  dealing 
with  matter  and  energy. 

Pigment  (pig'ment) : a coloring  matter. 

Piston  (pis'tMn) : a short  cylinder,  or  a flat  round  piece  of  wood  or  metal, 
fitting  closely  inside  a tube,  or  hollow  cylinder,  in  which  it  is  moved 
back  and  forth  by  some  force,  such  as  steam  pressure. 

Plane  mirror:  a flat  mirror  which  reflects  light  in  such  a way  as  to  form 
an  image  that  is  erect,  vertical,  and  reversed  from  side  to  side. 

Planet  (plan'et):  one  of  the  heavenly  bodies  which  revolve  around  the 
sun. 

Planetesimal  (plan  e tes'l  mal) : a small  planet. 

Planetesimal  hypothesis  (hi  poth'e  sis) : the  name  for  a certain  explana- 
tion of  the  origin  of  the  earth. 

Planetoid  (plan'et  oid):  a small  body  resembling  a planet,  which  revolves 
around  the  sun. 

Plasma  (plaz'md):  the  watery  part  of  blood  or  lymph. 

Plastic  (plas'tik) : easily  molded  or  shaped. 

Plateau  (pla  to') : an  elevated  area  of  land. 

Polaris  (po  la'ris) : the  North  Star,  located  at  the  end  of  the  handle  of  the 
Little  Dipper. 

Pole:  either  end  of  the  axis  of  a sphere,  as,  the  north  pole  of  the  earth; 
one  of  the  opposite  parts  of  a magnet,  battery,  etc.,  where  the  force  is 
strong,  as,  the  positive  pole  of  the  magnet. 

Pollute  (po  lut') : to  make  unclean. 

Porous  (po'rus) : full  of  pores,  or  tiny  holes. 

Positive  (pdz'l  tiv):  a film  which  corresponds  to  the  subject  photographed 
in  the  relative  positions  of  the  lights  and  darks. 

Positive  charge:  in  electricity,  the  giving  up  of  electrons  to  other  mate- 
rials; thus,  glass,  being  positively  charged,  gives  up  electrons  to  silk. 

Potassium  (po  tas'i  um):  a soft  silver-white  metallic  element,  occurring  in 
nature  only  in  compounds. 

Potential  (poten'shal)  energy:  the  stored  power  possessed  by  materials 
by  reason  of  their  chemical  composition,  their  position,  or  their  con- 
dition. 

Power:  the  rate  or  speed  with  which  a force  moves  an  object. 
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Precipitate  (pre  sip'i  tat) : to  condense  (moisture)  from  vapor  in  the  form 
of  rain,  dew,  snow,  etc.;  to  separate  (a  substance)  out  in  solid  form  from 
a solution. 

Pressure  (presh'er):  force  exerted  upon  a unit  of  area,  as,  there  is  a 
pressure  of  20  pounds  per  inch  on  this  tire. 

Primary  circuit  (pri'mer  i sur'kit) : that  between  the  primary  and  the 
secondary  coils. 

Primary  coil:  the  part  of  an  induction  coil  nearest  the  soft  core,  which 
consists  of  a small  number  of  turns  of  heavy  insulated  copper  wire. 

Prime  (prim);  in  connection  with  machinery,  to  prepare  for  operation  by 
putting  something  in  or  on,  as,  prime  a pump  by  filling  it  with  water. 

Prism  (priz’m) : a transparent  solid,  often  of  glass,  usually  having  three- 
sided  ends,  which  will  separate  white  light  passing  through  it  into  the 
colors  of  the  rainbow. 

Properties  (prop'er  tiz) : the  specific  characteristics  of  an  organism  or 
substance. 

Protein  (pro'te  in) : one  of  the  three  main  classes  of  food,  which  contains 
nitrogen  and  is  a necessary  part  of  the  cells  of  living  things. 

Proton  (pro'ton):  the  part  of  an  atom  which  carries  a unit  of  positive 
electricity. 

Protoplasm  (pro'to  plaz’m) : a complex  mixture  of  proteins  forming  the 
living  substance  of  all  plant  and  animal  cells. 

Protozoa  (pro  to  zo'd) : one-celled  animals. 

Ptomaine  (to'man)  poisoning:  illness  caused  by  the  action  of  certain  bac- 
teria upon  foods. 

Pulmonary  (pul'mo  ner  i)  vein:  a large  blood  vessel  which  collects  the 
purified  blood  in  the  lungs  and  returns  it  to  the  heart. 

Pulse  (puls);  the  beating  of  the  heart;  the  changing  flow  of  blood  in  the 
arteries  caused  by  the  beating  of  the  heart. 

Pupa  (pu'pd) : an  inactive  stage  in  the  life  of  an  insect  coming  between  the 
larva  and  the  winged  adult  stages. 

Pupil  (pu'p’l) : the  black  center  of  the  eye,  an  aperture  in  the  iris,  which 
opens  and  contracts  according  to  the  intensity  of  light. 

Pus  (pus):  a thick  yellowish-white  fluid  found  in  sores,  made  up  of  dead 
cells,  white  corpuscles,  and  germs. 

Pyorrhea  (pi  d re'd) : a disease  of  the  gums,  in  which  pockets  of  pus  form 
about  the  teeth,  the  gums  shrink,  and  the  teeth  loosen. 

Quarantine  (kwor'dn  ten);  the  keeping  of  persons,  etc.,  having  infectious 
disease  away  from  others  to  prevent  an  epidemic. 

Quartz  (kworts):  a special  form  of  sand  that  is  transparent  and  usually 
colorless. 

Quartzite  (kworts'it):  a rock  formed  from  sandstone  by  means  of  great 
pressure  and  heat. 

Rabies  (ra'biez;  ra'bez):  hydrophobia,  the  disease  of  a mad  dog. 

Radiant  (ra'di  cnt)  energy:  invisible  rays  of  energy  from  a heated  body. 

Radiation  (ra  di  a'sh^n) : giving  out  light,  heat,  etc. 

Radium  (ra'di  um) : a radio-active  metallic  element. 
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Rarefaction  (rar  e fak'sh^n) : being  made  less  dense. 

Rayon  (ra'on):  artificial  fabric,  resembling  silk,  made  from  wood  pulp  or 
cotton. 

Real  image  : an  image  formed  when  the  rays  of  light  actually  pass  through 
the  point  where  the  image  appears  to  be. 

Rectify  (rek'tJ  fi) : to  change  an  alternating  current  to  a direct  current. 

Rectilinear  (rek  ti  Im'e  er) ; moving  in  a straight  line. 

Reflect  (re  flekt') : to  throw  back  light,  heat,  sound,  etc. 

Refract  (re  frakt'):  to  bend  (a  ray  of  light,  etc.)  from  a straight  course. 

Relative  humidity  (rel'd  tiv  hu  raid'l  ti) : indicates  how  nearly  saturated 
the  air  is  with  water  vapor  in  terms  of  per  cent. 

Residual  (re  zic^  ol)  soil:  soil  formed  on  the  surface  of  rock  by  an 
accumulation  of  rock  fragments  and  plant  remains. 

Resiliency  (re  zil'i  en  si) : elasticity,  or  capacity  to  spring  back. 

Resin  (rez'in) : a sticky  substance  that  flows  from  some  trees. 

Respiratory  (re  spir'd  t5  ri;  res'pl  rd  t5  ri):  pertaining  to  breathing. 

Retina  (ret'i  nd) : the  inside  coat  of  the  eye,  which  is  sensitive  to  light  and 
receives  the  images  of  objects  looked  at,  and  is  connected  with  the 
brain  by  the  optic  nerve. 

Revolution  (rev  6 lu'sh^n) : moving  around  some  point  in  a circle  or 
curve. 

Rheostat  (re'6  stat) : an  instrument  for  regulating  the  strength  of  an 
electric  current  by  introducing  different  amounts  of  resistance  into  the 
current. 

Rickets  (rik'ets):  a childhood  disease,  caused  by  lack  of  proper  vitamins 
and  of  sunshine,  which  results  in  softening  and  sometimes  bending  of 
the  bones. 

Rolling  friction:  kind  of  resistance  to  motion  offered  by  wheels,  roller 
bearings,  etc.,  in  contact  with  surfaces. 

Root  hair:  a thread-like  part  of  the  root  of  a plant  through  which  minerals 
and  water  enter  the  plant. 

Rotation  (ro  ta'shwn) : a turning  around,  as,  rotation  of  a top. 

Rotor  (ro'ter) : the  rotating  part  of  a machine. 


Sac  (sak) : a bag-like  part  in  a plant  or  an  animal,  as,  the  air  sacs  in  the 
lungs. 

Saliva  (sd  li'vd):  the  fluid  produced  by  glands  in  the  mouth. 

Salivary  (sal'f  ver  i)  glands:  a group  of  cells  located  in  the  mouth  which 
manufacture  and  give  out  saliva. 

Satellite  {sat'e  lit) : a heavenly  body  which  revolves  around  a larger 
planet,  as,  the  moon  is  a satellite  of  the  earth. 

Saturate  (sat'u  rat):  to  soak  thoroughly;  to  fill  full,  as,  the  air  is  satu- 
rated with  water  vapor;  to  cause  a substance  to  unite  with  the  greatest 
possible  amount  of  another  substance. 

Sclerotic  (skle  rot'ik)  coat:  the  tough  outer  coat  of  the  eyeball  which  is 
white  except  for  the  cornea,  a transparent  section. 

Scurvy  (skur'vi) : a disease  due  to  lack  of  proper  vitamins  and  fruits  and 
vegetables. 
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Secondary  circuit  : that  between  the  secondary  coils. 

Secondary  coil:  large  number  of  turns  of  wire  wound  around  the  primary 
coil. 

Sedentary  (sed'en  ter  i) : that  keeps  one  sitting  still  a good  deal. 

Sedimentary  (sed  I men'tc  ri)  rocks:  stratified  rock  formed  from  eroded 
materials. 

Seepage  (sep'ij):  leakage;  slow  passing  through. 

Sensible  heat:  the  heat  into  which  the  sun’s  radiant  energy  is  changed 
when  it  strikes  the  earth. 

Septic  (sep'tik)  tank:  a place  where  waste  materials  are  completely 
decomposed  by  bacteria  and  drained  off  into  the  soil. 

Serum  (ser'^m) : a liquid  used  to  prevent  or  cure  a disease,  obtained  from 
the  blood  of  an  animal  that  has  been  made  immune  to  the  disease. 

Sewage  (su'ij):  the  waste  matter  which  passes  through  sewers. 

Sextant  (seks'tant):  an  instrument  used  to  determine  longitude  and 
latitude  by  finding  the  angle  of  the  sun  with  the  horizon  at  noon. 

Shale  (shal):  rock  formed  from  hardened  clay,  etc.,  that  splits  readily 
into  thin  layers. 

Shearing  (sher'mg)  force:  a force  which  acts  to  make  the  parts  of  an 
object  or  the  parts  of  a single  piece  slide  past  each  other. 

Short-circuit  (sur'kit):  the  passage  of  an  electric  current  over  a path 
that  it  was  not  intended  to  take. 

Sink  hole:  any  slight  hollow  in  the  land  surface;  a hollow  in  limestone 
regions,  connecting  with  subterranean  passages. 

Sinus  (si'n^s) : cavity  in  a bone. 

Siphon  (si'fon):  a bent  tube  through  which  liquid  can  be  drawn  over  the 
edge  of  one  container  into  another  at  a lower  level  by  air-pressure. 

Sizing  (siz'mg):  sticky  material,  as  glue,  starch,  gelatin,  used  to  cover 
fabrics,  paper,  etc. 

Slag  (slag):  the  waste,  lime,  and  impurities  in  the  ore,  left  after  metal  is 
taken  from  melted  ore. 

Slaking  (slak'mg) : the  chemical  union  of  lime  with  water. 

Slate  (slat) : a bluish-gray  rock,  formed  from  shale,  that  splits  easily  into 
thin  smooth  layers. 

Slide  valve:  any  valve  which  opens  or  closes  a passageway  by  sliding 
over  a port. 

Sliding  friction  (frik'sh^n) : the  kind  of  resistance  to  motion  offered  by  a 
flat  surface  moving  over  another  surface. 

Slow  oxidation  (6k  si  da'shwn) : the  combination  of  oxygen  with  food 
materials  to  produce  energy. 

Smelting  (smelt'mg):  the  process  of  freeing  metal  from  ore. 

Solar  (so'ler):  pertaining  to  the  sun;  thus,  a solar  eclipse  is  caused  when 
the  moon  is  between  the  earth'and  the  sun. 

Soluble  (sol'u  b’l):  that  can  be  dissolved. 

Solution  (so  lu'shwn) : a liquid  in  which  a solid  or  a gas  has  been  dissolved. 

Solvent  (solvent) : a substance  which  dissolves  other  substances,  as,  water 
is  a solvent  of  sugar,  salt,  etc. 

Specific  gravity  (spe  sif'ik  grav'z  ti) : the  weight  of  any  given  volume  of 
a substance  as  compared  with  the  weight  of  an  equal  volume  of  water. 
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Spirilla  (spi  ril'd) : curved,  or  spiral,  disease-producing  bacteria. 

Spontaneous  combustion  (spon  ta'ne  ms  kdm  bus'ch^n) : the  bursting 
into  flame  of  oily  rags,  coal  in  large  piles,  etc.,  due  to  the  great  heat 
produced  by  the  uniting  of  oxygen  with  the  material. 

Spore  (spor) : a cell  which  can  produce  a new  individual  without  fertiliza- 
tion. 

Sputum  (spu'tMm):  saliva;  spit. 

Static  (stat'ik)  electricity:  electricity  which  is  not  flowing  as  a current. 

Stator  (sta'ter):  a stationary  part  of  a machine,  often  using  an  electro- 
magnet, in  or  about  which  another  part  revolves. 

Stereopticon  (ster  e op'ti  kdn) : a kind  of  magic  lantern  having  a powerful 
light  that  projects  pictures  upon  a screen. 

Sterile  (ster'fl) : free  from  living  germs. 

Sterilization  (ster  I li  za'shwn) : the  process  of  killing  germs,  as.  the 
sterilization  of  dishes  by  boiling  them. 

Stomate  (sto'mat):  an  opening  in  the  epidermis  of  a plant,  protected  by 
guard  cells,  through  which  gas  exchange  takes  place  with  the  surround- 
ing atmosphere  and  the  intercellular  spaces. 

Strata  (stra'td),  singular  stratum  (stra'tMm):  a series  of  layers  of  earth 
or  rock  lying  between  layers  of  other  kinds  of  earth  or  rock. 

Stratus  (stra'tMs):  a layer-like  cloud  of  low  altitude,  which  often  brings 
long,  steady  rains. 

Stri^  (stri'e) : parallel  scratches  and  grooves  made  on  the  surfaces  of  rocks 
over  which  glaciers  have  passed. 

Sulphate  (sul'fat) : a salt  of  sulphuric  acid. 

Sulphuric  (sul  fu'rik)  acid:  a heavy,  colorless,  oily,  very  strong  acid. 

Susceptible  (sm  sep'ti  b’l):  especially  liable  (to),  as,  susceptible  to  disease. 

Sympathetic  vibration  (sim  pd  thet'ik  vl  bra'shwn) : vibration  set  up  in 
one  body  by  reason  of  its  having  absorbed  vibrations  from  another 
body. 

Symptom  (simp'tdm):  sign;  indication. 

Synthetic  (sin  thet'ik) : made  by  combining  parts  or  elements  into  a 
whole. 

Talus  (ta'Ms) : piles  of  rock  fragments  at  the  base  of  a cliff  or  slope. 

Tangential  (tan  jen'shdl)  -sawed:  cutting  a tree  outside  the  center  of  it 
so  as  to  have  a particular  kind  of  grain. 

Tapeworm  (tap'wurm):  a long,  flat,  segmented  worm  that  lives  in  the 
intestines  of  people  and  animals. 

Teletypewriter  (tel  e tip'rit  er):  an  instrument  that  automatically  types 
the  letters  of  a telegraphic  message. 

Television  (tel'e  vizh  un):  transmission  and  reproduction  of  distant  per- 
sons or  scenes  by  any  device  that  changes  light  rays  into  electrical  rays, 
and  then  back  into  light  rays. 

Temporary  magnet  (tem'po  rer  i mag'net):  an  electromagnet,  which  re- 
tains its  magnetism  only  so  long  as  a current  is  passing  through  it. 

Tensile  (ten'sil)  strength:  firmness  in  holding  together. 

Tension  (ten'shdn):  condition  of  being  stretched  tight;  stress  caused  by 
pulling. 
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Tensional  (ten'sh^n  d\)  force:  a force  which  tends  to  pull  objects  apart 
or  to  pull  a single  piece  of  material  in  two. 

Termite  (tur'mit):  white  ant. 

Tetanus  (tet'dnws):  lockjaw,  a disease  that  causes  violent  spasms,  stiff- 
ness of  many  muscles,  and  even  death. 

Theory  (the'6  ri) : explanation  based  on  observation  and  reasoning. 

Thermostat  (thur'mo  stat) : an  automatic  device  for  regulating  tem- 
perature. 

Thrust:  a strain  tending  to  push  a member  of  a structure  outward  or 
sidewise. 

Tissue  (tish'Q):  mass  of  cells  arranged  to  form  parts,  such  as  bones, 
muscles,  skin,  etc.,  of  animals  and  plants. 

Topography  (to  pog'rd  fi) : the  features  of  a place  or  region. 

Tornado  (t6r  na'do):  a local  storm  of  great  violence  in  which  the  air  cur- 
rents take  on  a tremendously  rapid  whirling  motion. 

Toxin  (tok'sm):  poison  produced  by  disease-producing  bacteria  during 
their  growth  in  animals  or  plants. 

Trachea  (tra'ke  d) : the  windpipe,  which  conducts  air  to  and  from  the 
lungs. 

Transformer  (trans  fbr'mer) : a device  for  decreasing  or  increasing  the 
voltage  of  electric  current. 

Translucent  (trans  lu'sent):  letting  light  through,  but  not  transparent. 

Transmit  (trans  mit'):  send  over;  pass  along;  conduct. 

Transmitter  (trans  mit'er):  the  part  of  a telephone  into  which  one  speaks; 
the  part  of  a telegraphic  instrument  by  which  a message  is  sent. 

Travertine  (trav'er  tin):  a porous  light-yellow  rock,  built  up  from  miner- 
als deposited  around  geysers  and  hot  springs. 

Tread  (tred):  the  part  of  a wheel  or  tire  that  touches  the  ground. 

Trichina  (tri  ki'nd):  a small  worm  that  sometimes  lives  in  the  muscles  of 
man,  swine,  and  other  animals,  causing  disease. 

Truss  (trus):  beams  or  other  supports  connected  to  support  a roof, 
bridge,  etc. 

Tsetse  (tset'se)  fly:  a blood-sucking  insect  of  Africa,  the  bite  of  which 
causes  sleeping  sickness  in  man,  cattle,  etc. 

Tungsten  (tung'sten):  a rare  metal  used  in  making  steel  and  for  electric 
lamp  filaments. 

Turbinate  (tur'bi  nat)  bones:  flat  folded  bones  of  the  inner  nose,  extend- 
ing into  the  passage. 

Turbine  (tur'bin;  tur'bln):  an  engine  or  motor  in  which  a wheel  with 
vanes  is  made  to  revolve  by  force  of  water,  steam,  or  air. 

Ultra-violet  (ul'trd-vl'6  let)  rays:  all  the  invisible  rays  of  the  sun 
except  the  violet. 

Unconformity  (un  kdn  for'm?  ti) : in  geology,  a formation  of  rocks  in 
which  level  layers  near  the  surface  rest  on  the  edges  of  other  layers. 

Universe  (u'n?  vurs):  all  the  heavenly  bodies. 

Uranus  (u'rd  nws) : one  of  the  nine  known  planets  circling  around  the  sun. 

Ursa  Minor  (ur'sd  mi'ndr):  a constellation,  also  called  the  Little  Dipper, 
of  seven  stars,  in  the  northern  hemisphere. 
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Vaccination  (vak  s?  na'sh^n);  the  process  of  injecting  vaccine  under  the 
skin  to  produce  a mild  form  of  a disease  as  immunity  against  the  real 
disease. 

Vaccine  (vak'sen;  vak'sin):  the  poison  injected  under  the  skin  to  produce 
a mild  form  of  a disease. 

Vacuum  (vak'u  um) : an  empty  space  from  which  most  of  the  air  has  been 
exhausted. 

Valve  (valv):  a movable  part  which  controls  the  flow  of  a liquid  or  gas 
through  a pipe  by  opening  and  closing  the  passage,  as,  a faucet  is  one 
kind  of  valve. 

Vane  (van):  a blade  of  a windmill,  a ship’s  propeller,  etc. 

Vein:  one  of  the  blood-vessels  or  tubes  that  carry  blood  to  the  heart  from 
all  parts  of  the  body;  a crack  in  rock  filled  with  a different  mineral. 

Ventricle  (ven'tri  k’l):  one  of  the  two  lower  chambers  of  the  heart  which 
receive  blood  and  force  it  into  the  arteries. 

Villi  (vil'i):  the  small  finger-like  projections  extending  into  the  small 
intestine  which  increase  the  absorbing  area  of  the  intestine. 

Virtual  (vur'tu  al)  image:  an  image  formed  when  the  light  does  not 
actually  pass  through  the  point  where  the  image  appears  to  be. 

Vitamin  (vl'tdmin):  any  of  certain  special  substances,  the  chemical 
composition  of  which  is  not  exactly  known,  necessary  for  the  proper 
nourishment  of  animals. 

Vitreous  (vlt're  iis)  humor:  a transparent  jelly-like  substance  filling  the 
space  behind  the  lens  of  the  eye. 

Volatile  (vol'd  til):  evaporating  rapidly. 

Volt  (volt):  the  unit  used  to  measure  electromotive  force,  or  electrical 
pressure. 

Voltage  (vol'tij):  electromotive  force  expressed  in  volts. 

VuLCANiSM  (vul'kan  iz’m):  volcanic  action,  producing  changes  in  the  sur- 
face of  the  earth,  due  to  the  effect  of  heat  within  the  earth. 

Warp  (worp) : the  lengthwise  threads  in  a fabric. 

Watt  (wot):  the  unit  for  measuring  the  electric  power  used  (volts  times 
amperes  equals  watts). 

Weathering  (wetb'er  mg) : the  process  of  softening  and  breaking  up  rocks 
as  a result  of  the  action  of  air  and  water  on  them. 

Woof  (woof) : the  crosswise  threads  of  a fabric. 

Work:  exerting  a force  through  a distance. 

X-RAY  (eks'ra'):  a ray  which  can  penetrate  opaque  substances,  and 
therefore  is  used  to  locate  breaks  in  bones,  etc.,  and  to  treat  certain 
diseases. 

Yeast  (yest):  a plant  organism  that  develops  quickly  in  sweetened  liquid. 

Zinc  oxide  (zingk  ok'sid) : a white  pigment  used  for  interior  paint. 
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Accidents,  and  treatment  of,  247- 
251 

Acetic  acid,  170 
Adenoids,  230* 

Aerator,  195*,  197* 

Aerial,  613*,  618*,  620,  621*,  623* 
Age,  of  earth,  85-87 ; and  selection 
of  food,  159-160,  161,  162,  163 
Agriculture,  modern  methods  of, 
132-133* 

Air,  depth  of,  5,  6*;  conditions  on 
Mars  and  Venus,  16-17;  weather- 
ing by,  53,  54*,  55;  measurement 
of  temperature  of,  94-98;  expan- 
sion and  contraction  of,  96,  118; 
heated  by  sun  and  earth,  98-99; 
causes  of  differences  in  tempera- 
ture of,  99-102*;  humidity  of, 
103-111;  movements  of,  109,  110, 
111,  115;  weight  of,  iiJ*-114, 
117-118;  pressure  of,  774*-!  17*, 
447 ; causes  of  differences  in  pres- 
sure of,  117-118;  relation  to  food 
supply,  149*;  composition  of,  225; 
composition  of  expired,  ZZS-lll, 
ZZ6*;  ventilation,  231,  382-385*; 
supply  for  burning,  3Z6-328, 
344*-345;  per  cent  of  oxygen  in, 
3Z7*-328;  uses  of  energy  of,  478*, 
479*,  48Z*-4:87* 

Air-brake,  486*-487 
TUrplane,  662*-665 
Air  pressure,  causes  of,  114-115; 
measurement  of,  1 15-1 1 7* ; causes 
of  differences  in,  117-118;  regions 
of  low,  124*,  125-126*,  127*;  re- 
gions of  high,  124*-125,  126*, 
127*;  uses  of,  186*-192,  205-206, 
478*-479*,  48Z*-484* 

Airships,  R-34,  658;  R-lOO,  659* 

Mr  vent,  380,  381* 


Alcohol,  a product  of  fermentation, 
170;  effect  of  upon  body,  238-241 
Alimentary  canal,  223 
AlkaU,  306 

Alloys,  390,  415,  417,  537 
Alphabet,  588* 

Alpha  Centauri,  29 

Alternating  current,  meaning  of,  524 ; 

uses  of,  612,  613,  615,  616,  617 
Altitude,  and  temperature,  101-102 
Ampere,  Andre  Marie,  529 
Ampere,  529-530 

Amplification,  in  radio,  614,  615- 
618*,  622,  623*,  624 
Andromeda,  Great  Nebula  in,  31* 
Tkiemometer,  93* 

TVngle  of  incidence,  555 
Angle  of  reflection,  555 
TVniline  black,  315 
Annealing,  of  glass,  392 
TVnnual  rings,  406*,  407*,  408* 
Antibodies,  274,  276-277 
Anticyclones  (high  pressure  areas), 
explained,  124;  weather  condi- 
tions in,  124-125;  centres  of,  124*; 
paths  of,  125*-127* 

Antiseptics,  280 
T^titoxins,  274,  278-279 
Aorta,  229 
Appendix,  221* 

Appetite,  155 

Aqueducts,  179*,  185*,  202 
Aqueous  humor,  243* 

Arc  lamp,  538,  539*,  550*,  563 
Arches,  ^f  buildings,  427*-428 
Arc-welding,  430*-431 
Argon,  225 

Armature,  in  motor  and  generator, 
5ZZ,  523*,  524*,  525*;  in  telegrapn 
instruments,  601*,  603;  in  door- 
bell, 607* 
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Arteries,  237* 

Artesian  wells,  183*-184* 

Artificial  respiration,  249*-250 
Asbestos,  431 
Ashes,  335 

Astigmatism,  246,  247 
Astrology,  3 
Astronomy,  1-4 
“Athlete’s  foot,”  258 
Atmosphere.  See  Air. 

Atoms,  516* 

Aimcles,  228* 

Auriga,  26*,  27*,  28 
Autogiro,  665* 

Automobile,  639-643* 

Bacilli,  257 

Bacillus  typhosus,  257 
Bacteria,  spores,  169;  as  cause  of 
food  spoiling,  169-170;  prevention 
of  growth  of  in  food,  170-173; 
and  sewage  disposal,  194;  and 
water  purification,  197,  198;  na- 
ture of,  256-257*,  258;  making 
cultures  of,  261-263* 

Baffle  plates,  496* 

Balanced  diet,  163-164 
Ball  bearings,  474,  475* 

Balloon,  635*,  656-661 
Bandaging,  250* 

Barometer,  116*-117* 

Basalt,  75,  76* 

Bathing,  purpose  of,  235-236*;  and 
regulation  of  body  temperature, 
236-237*;  kinds  of,  237-238 
Battery,  519*-520,  532 
Beams,  424*-427 
Bedbugs,  269,  288 
Bell,  Alexander  Graham,  589-590* 
Belt  pulley,  466*-467 
Betelgeuse,  28 
Bevel  gear,  469* 

Big  Dipper  (Ursa  Major),  24*,  25* 
Bile,  222 

Binding  post,  526* 

Bladder,  217* 

Blast  fiumace,  368*,  389*-390 
Bleeding,  of  dyes,  314 
Block  and  tacMe,  464* 

Blood,  as  carrier  of  food  and  oxygen, 
138,  229*;  circulation  of,  228*- 
229;  corpuscles,  218*,  228,  229*; 
vessels,  228,  229*,  236-237*,  239 
Blood  poisoning,  271 
Bluing,  308 


Boiler,  fire-tube,  495*-496;  water- 
tube,  496*-497 

Boiling  point  of  water,  377,  378-379, 
380-3S1*,  497*-49S 
Bolts,  429,  430 
Bone  black,  387 
Bones,  151-152,  166 
Bony  system,  215,  217* 

Bootes,  27*,  28 

Breathing,  correct  habits  of,  229- 
231;  effect  of  exercise  upon,  233; 
artificial  respiration,  249*-250 
Brick,  manufacture  of,  388*-3S9; 

properties  and  uses  of,  412,  421 
Brickkiln,  388* 

Bronchi,  227* 

Bruises,  248-249 
Brushes,  522,  523*,  524*,  525* 
Bubonic  plague,  268,  288 
Buds,  as  food,  142 ; yeast,  170*,  258 
Buildings,  of  primitive  peoples, 
402*-403;  forces  acting  on,  417- 
419;  preparation  of  foundations 
for,  419-421;  how  strength  is  se- 
cured in,  421-431;  insulation  of, 
431-433*;  protection  from  deteri- 
oration of,  434-436 ; electric  wiring 
of,  564*-566*;  regulation  of  arti- 
ficial light  in,  569-572 
Building  materials,  basis  for  selec- 
tion of,  404-405;  wood,  406*- 
408*;  natural  stones,  409-411*; 
artificial  stones,  412*-413;  glass, 
415;  metals,  415-417 
Bunsen  burner,  333,  348*-349 
Buoyancy,  of  water,  646 ; of  air,  656 
Burning,  nature  and  causes  of,  326*- 
327,  328-332*,  334-335 
Bums,  250 
Buttresses,  428* 

Buzzer,  electric,  607 ; radio  sending- 
set,  612-613* 

Calcium,  150,  151* 

Calories  (of  heat),  explained,  155; 
production  of  by  different  foods, 
156-158;  daily  requirements  of 
individuals,  163;  required  to  con- 
dense steam,  379;  required  to 
melt  ice,  394;  required  to  change 
a liquid  to  a gas,  396 
Camera,  pin-hole,  573*;  bellows, 
573-574*;  natural,  575* 

Candle,  burning  of,  331*-332*,  334; 
for  lighting,  548*,  549 
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Candle-power,  567,  568 
Canning  of  foods,  135,  172 
Canyons,  56*,  82*,  83,  84,  85* 
Capillaries,  227*,  228*,  229* 
Capstan,  465,  466* 

Carbohydrates,  manufacture  of  by 
plants,  148 ; chemical  composition 
of,  151;  sources  of,  158 
Carbon,  in  protoplasm,  151*;  a 
product  of  incomplete  burning, 
332, 333,  349 

Carbon  dioxide,  and  weathering  of 
rocks,  53,  59,  66;  use  of  by  plants, 
147,  149*;  and  oxygen  cycles, 
149*;  and  fermentation,  170;  in 
air,  225;  test  for,  226;  removal  of 
from  cells,  228*,  229*;  fire  ex- 
tinguishers, 360*-2)()\* \ in  manu- 
facture of  dry  ice,  395 
Carbon  tetracMoride,  as  cleaning 
fluid,  309,  311;  fire  extinguishers, 
361-362* 

Carburetor,  504* 

Carrier  waves,  619 

“Carriers”  of  disease,  261,  263,  264 

Cassiopeia,  26*,  27*,  28 

Caves,  59*,  66 

Celanese,  298 

Cell  sap,  146 

Cells  (of  liAung  things),  structure  of, 
138*,  7JP*-140*;  repair  of,  140; 
growth  of,  140*-141;  action  of 
cooking  upon,  164-765*;  as  struc- 
tural units,  216-217;  of  human 
body,  218*;  delivery  of  oxygen  to, 
227*-229*;  removal  of  carbon 
dioxide  from,  228*,  229* 

Cells  (electric),  voltaic,  513*;  sim- 
ple, 514*-515*,  517;  dry,  517- 
M8*;  storage,  518*-520;  methods 
of  connecting,  532*-5JJ*;  photo- 
electric, 600*,  626*-627 
Cement,  413 
Centimetre,  454* 

Centrifugal  force,  191,  450 
Centrifugal  pump,  189-192* 
Cepheus,  26*,  27* 

Cesspools,  194* 

Charlotte  Dundas,  635 
Chemical  changes,  in  weathering  of 
rocks,  53,  54*;  in  erosion  by  solu- 
tion, 59*,  66-67 ; in  igneous  rocks, 
87;  in  digestion,  219,  220;  in 
burning,  328-329,  330-331;  in 
brick-making,  389;  in  glass-mak- 


ing, 390;  in  building  materials, 
405;  in  exploding  gas,  501,  502 
Chemical  energy,  147-148,  330-331, 
333,  455,  456,  501,  513,  517,  519 
Chlorine,  152,  198 
Chlorophyll,  146*,  147 
Chloroplasts,  147 
Cholera,  254,  257,  277 
Choroid  coat,  242,  243*,  245* 
Chromometer,  654 
Ciliary  muscles,  245* 

Circuit.  See  Electricity. 
Circuit-breaker,  527 
Circulatory  system,  function  of,  138, 
216,  228*-229*;  effect  of  exercise 
upon,  233;  effect  of  bathing  upon, 
236-237 

Cirrus  clouds,  107* 

Cisterns,  184 
Clay,  388*-389,  412*-413 
Climate,  meaning  of  term,  90;  in 
relation  to  life,  91  *-92;  and  tem- 
perature, 98-102;  and  altitude, 
101-102;  and  rainfall,  103-111; 
heat  belts,  102*;  and  food,  131- 
132,  159;  and  clothing,  292*,  293* 
Clothing,  and  climate,  292*,  293*; 
laundering  of,  294*,  305-308*; 
and  relation  to  body  tempera- 
ture, 300-305;  removal  of  spots 
and  stains  from,  309—311]  dry 
cleaning  of,  311-312*;  protection 
of  from  moths,  316-319 
Clouds,  formation  of,  105,  107,  120; 

kinds  of,  105*,  106*,  107* 

Clutch  (automobile),  640 
Coal,  burning  temperature  of,  330, 
335;  as  a fuel,  337*-339*;  forma- 
tion of,  339*;  annual  consumption 
of,  352;  reserves,  352;  waste 
of,  354 

Coal  tar,  341,  342 
Cocci,  257 
Cochlea,  598* 

Cockroach,  266 
Code  (telegraph),  603-604 
Cohesion,  45 1 
Coke,  341,  343*,  352 
Colds,  259,  274 
Color,  308,313*-314 
Column  and  lintel,  424-425 
Combustion.  See  Burning. 

Comets,  14*,  17*,  18 
Communication  {See  also  Telegraph, 
Telephone,  Radio,  Wireless, 
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Television),  and  human  progress, 
587-588;  earliest  methods  of, 
588*-589*;  development  of  mod- 
ern methods  of,  589-591* 
Commutator,  524-525* 

Compass,  use  of  in  detecting  electric 
current,  515*;  use  of  in  naviga- 
tion, 651-653 

Compound,  meaning  of,  150,  334 
Compressed  air,  uses  of,  485*-487 
Compression,  in  sound  waves,  593- 
594*,  618 

Compressional  force,  meaning  of, 
419;  resisted  by  building  mate- 
rials, 421,  422;  within  loaded 
beams,  425*,  42d*;andarches,427* 
Concrete,  413*-414*,  420* 
Condensation,  of  water  vapor,  104, 
105,  107,  108,  378-379;  of  sound 
waves,  594* 

Condensers,  614*-615,  622 
Conduction,  of  heat,  301,J^A.^^70, 
371,  373,  393;  by  clothing,  304; 
electric,  533,  535-536,  537 
Conductors,  of  heat,  304,  305,  359, 
432;  of  electric  currents,  536,  537 
Conduits,  565* 

Conglomerate,  72-73* 

Conservation,  of  fuels,  354-355* 
Constellations,  26*-29* 
Constipation,  224 
Continents,  formation  of,  51-52 
Convection  ciurrents,  344,  345,  369, 
370*,  371,  373,  375,  379,  383,  393 
Cooking,  effect  of  upon  foods,  164- 
165*;  methods  of,  166;  and  pres- 
ervation of  foods,  172 
Coral,  reef,  82;  fossilized,  84 
Cornea,  242,  243* 

Corpuscles,  red,  218*,  228,  229*; 

white,  272,  273*-274 
Cosmic  rays,  614 

Cotton,  fibres,  297,  298*;  chemical 
and  physical  tests  for,  298-300; 
for  clothing,  303-304,  305 ; meth- 
ods of  laundering,  307,  308 
Cowpox,  276-277 
Crane,  461,  462* 

Crank  pin,  499* 

Crankshaft,  503* 

Creosote,  436 

Cribs,  for  water  supply,  184* 
Crystal  set,  for  radio  sending,  619- 
620*;  for  radio  receiving,  620-622 
Crystalline  rock,  83,  85* 


Crystals,  67,  387,  410 
Cuba,  yellow  fever  in,  269 
Cugnot,  Nicolas,  633* 

Culttures,  bacterial,  261-263* 
Cumulus  clouds,  105* 

Ciuwilinear  motion,  488,  634 
Cuts,  247-248* 

Cycles,  of  gas  engine,  504-506;  in 
radio  waves,  613-614 
Cyclones  (low-pressure  areas),  ex- 
plained, 124;  centres  of,  124*; 
weather  conditions  in,  125-126; 
progression  of,  125*,  126*,  127* 
Cylinder  head,  502*,  503 
Cylinders,  of  pumps,  186*,  187*, 
188*,  189*,  190*;  of  steam  en- 
gines, 498*;  of  gas  engines,  501*, 
502*,  503*,  506 

Dampers,  345*,  346 

Dams,  185,  202,  491,  492,  494 

Day  and  night,  causes  of,  32,  33,  35; 

causes  of  length  of,  36*-37,  40 
Dead  points  (engine),  500 
Deep  wells,  183 
Deltas,  65 *-66 

Density,  of  substances,  445-446* 
Deposition,  by  moving  water,  62- 
68;  by  glaciers,  68*-71*;  by  wind, 
71  *-72;  rate  of,  86 
Dermis,  236* 

Developer,  582 
Dew,  108 

Diaphragm,  phonograph,  598,599*; 
telephone,  608*,  609*;  headphone, 
620*,  624 
Diarrhoea,  265 
Diastrophism,  7 7 *-80 
Dick  test,  276 
Diesel  engine,  507*-508 
Diet,  in  relation  to  climate,  159;  in 
relation  to  age,  159,  161,  163;  in 
relation  to  height  and  weight, 
160-161,  163;  and  activities,  162- 
163;  balanced,  163-164;  guide  for 
selection  of,  166-167 
Differential,  643* 

Digestion,  as  aided  by  water,  153; 
as  aided  by  cooking  of  food,  164, 
165;  meaning  of,  219-220;  juices 
involved  in,  220-222;  mastication 
and,  220*-221;  of  starch,  221;  of 
proteins,  222—223 ; requirements 
for  good,  223-224*;  and  bathing, 
238 
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Dikes,  75 

Diphtheria,  258,  265,  271,  274,  276, 
277,  278* 

Direct  current,  meaning  of,  524- 
525;  uses  of,  525*,  543*,  614,  615, 
616,  617,  620 
Dirigibles,  658-659* 

Diseases,  methods  of  spreading, 
XXV*,  261-263*  \ preventing  spread 
of  by  body  discharges,  xxv*,  281- 
286*;  food  inspection  a protection 
from,  144*;  and  pollution  of 
water,  193-194, 195;  organic,  253, 
272;  infectious,  254,  272;  causes 
of,  254-255,  256-259;  contagious, 
260;  spread  by  body  discharges, 
260-261, 263-266  ;spread  byblood- 
sucking insects,  267*-269;  symp- 
toms of,  271,  272,  282;  incubation 
period  of,  272;  white  corpuscles 
and,  273-274;  chemicals  and,  274, 
276-279;  immunity  to,  274,  277, 
2 7 8-2  7 9 ; methods  of  killing  germs, 
279-280;  preventing  spread  of  by 
direct  contact,  280-281;  prevent- 
ing spread  of  by  blood-sucking 
insects,  287*-288 
Disinfectants,  280 
Distillation,  of  water,  199-200*-, 
destructive,  341-34:2;  fractional, 
342-343 

Doctors,  “quack,”  275;  aid  of  in 
protecting  human  body,  275-276 
Dolly  bar,  430 
Doorbell,  606-607* 

Draco,  26*,  27*,  28 
Drafts,  345*,  346 

Drainage,  of  soil,  133;  of  houses, 
211-212* 

Drowning,  249*-250 
Dry  cell,  517-518* 

Dry  cleaning,  311-312* 

Dry  ice,  172,  395 

Dust,  in  air,  225;  and  diffusion  of 
light,  555-556 

Dyes,  313*;  fast,  314;  direct,  314- 
315*;  bleeding  of,  314;  mordant, 
315;  developed,  315 
Dynamo.  See  Generator. 
Dysentery,  259 

Ear,  598* 

Earth,  nature  of  5-6*;  source  of 
light  and  heat  on,  6,  7-8,  12,  13, 
39-40;  as  a sphere,  6-8*;  move- 


ments of,  10-12 ; circumference  of, 
11;  orbit  of,  14*;  relation  to  moon, 
14*,  18*-22;  facts  about,  15; 
relative  size  of,  16*;  effects  of 
earth’s  rotation  upon,  32-34;  as  a 
clock,  33-35*;  length  of  days  and 
nights  on,  35-57 ; inclination  of 
axis  of,  36*-37,  38*;  and  tides, 
41-42;  planetesimal  hypothesis  of 
formation  of,  49-50;  growth  of 
original  mass  of,  50-51;  interior 
of,  51,  74;  continents  and  oceans, 
51-52;  action  of  weathering  upon 
surface  of,  53-56;  action  of 
moving  water  upon  surface  of, 
56*-60,  62-68;  action  of  glaciers 
upon  surface  of,  60*-61*,  68*-71; 
action  of  wind  upon  surface  of, 
61,  71*-72;  heat  inside,  74-75; 
built  up  by  vulcanism,  74-76*; 
built  up  by  diastrophism,  77*-80; 
methods  of  discovering  history  of, 
81-85*;  age  of,  86-87 
Earthquakes,  early  explanations  of, 
47;  causes  of,  76,  78,  79*;  as  force 
acting  on  buildings,  418 
Eccentric,  on  windmill,  488*;  on 
steam  engine,  498*,  638,  639 
Eclipse,  13*,  21*,  22 
Edison,  Thomas,  537,  538,  550 
Efficiency,  of  machines,  473-475* 
Eggs,  of  mosquitoes,  267*;  of  flies, 
285,  286*;  of  moths,  317* 
Elasticity,  451 

Electric  arc,  430*,  431,  538-539, 
626* 

Electric  bell,  526*,  527*,  528*,  606* 
Electric  circuit,  complete,  526*, 
527*;  short,  528*;  for  telegraph, 
601*,  602*,  604*,  605* 

Electric  current.  See  Electricity. 
Electric  light,  incandescent,  537-538 
Electric  motor,  construction  of,  539- 
540*;  operation  of,  540-543* 
Electric  pressure,  5 29 *-530 
Electric  shocks,  249*-250 
Electricity,  generated  by  water 
power,  xxviii*,  492;  production  of 
light  from,  xxix*,  537-539,  562- 
563,  571*-572;  as  cause  of  fire, 
358;  uses  of,  511-512;  experi- 
ments with,  512*-513;  static,  512- 
513;  generation  by  cells,  514*- 
515*,  516-517;  meaning  of  cur- 
rent of,  516*;  generation  by  dry 
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cell,  5 i 7-5 18*;  generation  by 
storage  cells  and  battery,  518*- 
520;  generation  by  dynamo,  5Z0- 
525*;  alternating  current  of,  524; 
direct  current  of,  524-525;  condi- 
tions necessary  for  transfer  of, 
526*-528;  transformation  of  into 
heatenergy,  535-537;  conductors 
of,  536;  operation  of  motor  by, 
540-543*;  use  of  for  electroplat- 
ing, 544*-545*;  wiring  of  build- 
ings for,  564 *-566*;  use  in  tele- 
graph, 589,  590*,  601*-606-,  use 
in  operating  telephone,  589-590*, 
607-611*;  used  to  record  sound, 
600*;  in  operating  bells  and  buzz- 
ers, 606*-607*;  oscillating  cur- 
rent of,  612;  high  frequency  cur- 
rent of,  612,  613*,  615 
Electrodes,  514*,  515*,  518* 
Electrolyte,  515 

Electromagnet,  521,  523,  524*,  601*, 
603 

Electromotive  force,  529,  530 
Electrons,  516*,  626,  627;  action  in 
radio  transmission,  612,  615, 

616*,  622,  623 

Electroplating,  511,  544*-5‘i5* 
Elements,  meaning  of,  150 
Elephantiasis,  259,  267 
Elevator,  airplane,  664*-665 
Energy,  amount  received  from  sun 
on  earth,  7-8*,  12;  amount  re- 
ceived from  sun  by  planets, 
15-16;  radiant,  99,  100*;  light, 
99,  331,  332-333,  547-549,  550- 
556;  required  by  machines,  136, 
137*,  138;  required  by  human 
body,  136-137*,  151;  production 
of  in  human  body,  137*-138; 
chemical,  147-148,  331,  333; 

furnished  by  foods,  155-158;  heat, 
324,  330,  331,  333,  365,  377,  393, 
535,  536;  meaning  of,  455;  poten- 
tial, 455;  kinetic,  455-456;  trans- 
formation of,  456*-457;  of  air, 
478*,  479*,  482*-4S4*;  of  water, 
478,  479,  480*,  489*-492*;  of 
steam,  495*-500;  of  exploding 
gas,  501*-508 

Engines,  steam,  498*-500,  633*, 
634*;  gas,  480,  481*,  503*-507, 
633,  634;  Diesel,  507*-508 
Empire  State  Building,  418*,  422 
Emulsion,  306* 


Epidemics,  254 

Epidermis,  leaf,  145*;  skin,  236* 
Equator,  angle  of  sun’s  rays  at,  8* 
Erosion,  by  moving  water,  xxiii*, 
56*-60,  63*;  rate  of,  57-58,  86;  by 
solution,  58-59*;  by  glaciers, 
60*-6i*;  by  wind,  61,  63*;  as  aid 
to  study  of  rock  strata,  83 
Eskimo,  90*,  91 
Esophagus,  221* 

Ether,  551 

Evaporation,  meaning  of,  103;  of 
water  into  air,  103-104;  relation 
of  to  humidity,  110-111;  cooling 
e&ect  oi,  301-302 
Excretion,  216,  217*,  222,  224 
Exercise,  value  of,  218,  232-234*; 

effect  of  upon  heartbeats,  233 
Expansion,  of  substances,  53,  54,  55 ; 

of  air,  96,  117;  of  liquids,  376 
Expansion  tank,  375* 

Explosions,  forces  acting  in,  452 
External-combustion  engine,  507 
Eyes,  results  of  neglect  of,  242 ; con- 
struction of,  242-243*;  how  we 
see  with,  243-245,  246*,  573-574; 
strain  on,  245-246;  defective, 
246-247 ; removing  foreign  bodies 
from,  250-251;  and  lighting,  569; 
aided  by  lenses,  577-580* 

Fabrics,  303-304;  for  summer  and 
winter  weather,  303-305 ; methods 
of  laundering,  305-308;  removal 
of  spots  and  stains  from,  309-3 1 1 ; 
dry  cleaning  of,  311-312*;  dyeing 
of,  313*-315*;  protection  of  from 
moths,  316-319 
Factor  of  safety,  419,  420 
Faraday,  Michael,  513 
Far-sightedness,  246,  577,  578* 
Fdts,  manufacture  of  by  plants,  148; 
chemical  composition  of,  151;  as 
fuel  foods,  151;  test  for,  154; 
sources  of,  158;  effects  of  over- 
eating, 167 
Faucets,  207 *-208* 

Faults,  78,  79,  83 
Feldspar,  409 
Felting,  307* 

Fermentation,  170 
Fever,  meaning  of,  137 
Fibres,  adulteration  of,  295-296; 
characteristics  of,  296*-298* ; tests 
for,  298-300 
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Field  magnets,  522,  525* 

Film,  photographic,  581 
Filters,  182,  196*,  197 
Fire,  discovery  of,  321-322 ; made  by 
friction,  322*;  arrangement  of 
materials  for,  323*,  329-330; 

destruction  by,  324*,  325*;  burn- 
ing temperature,  329-330;  air 
supply  of,  344*-345 ; loss  by, 
356*-357;  causes  of  preventable, 
357-358;  prevention  of,  358-359; 
extinguishing  of,  359-363* 
Fireplaces,  xxvi*,  366,  37l*-372* 
Fireproof  materials,  408,  417 
First  aid,  247-251 
Fixing  solution,  583 
Flame,  cause  of  in  burning,  330-333 ; 

of  candle,  331*-332* 

Fleas,  267,  268 
Fleming,  Sir  Sandford,  35 
Flintlock  musket,  323* 

Flood  plain,  64*,  65 
Flowers,  used  as  food,  142 
Flume,  490,  491* 

Flush-tanks,  207,  208-209* 

Fly,  as  disease  carrier,  266*;  life 
history  of,  285-286* 

Flywheel,  481*,  485*,  498*,  499*, 
500,  501*,  506 
Foamite,  361 

Focus,  of  eye,  244-245*,  246*; 

of  infection,  271;  principal,  579 
Fog,  105 

Food,  and  climate,  131-132,  159;  of 
primitive  man,  132*;  and  human 
progress,  132-133;  sources  of,  132, 
133,  141-144*;  classes  of,  134,  148, 
150-153;  selection  of,  134*,  159- 
164;  causes  of  spoiling,  135,  168- 
170*;  prevention  from  spoiling, 
135*,  144,  170-173;  as  source  of 
energy,  137*-138,  151;  and  re- 
pair, 138-140,  151;  and  body 
growth,  140-141;  plant  products 
used  for,  142*-144;  animal  prod- 
ucts used  for,  143-144;  inspec- 
tion of,  144*;  storage  of,  144; 
manufactured  by  green  plants, 
145*-149*;  storage  in  plants,  149; 
cycle  in  nature,  149*;  basis  for 
classification  of,  150-151;  tests, 
753-155;  amount  of  and  appetite, 
155;  fuel  value  of,  155-158;  com- 
position of,  158;  and  age,  159- 
160,  161,  162,  163;  and  height  and 


weight,  160-161,  163;  sample 

meals,  160*,  162*;  and  activities, 
162-163;  preparation  of,  164-166; 
guide  for  selection  of,  166-167; 
decomposition  of,  168-1 70*;  diges- 
tion of,  220*-224* 

Foot-pound,  453 

Force,  centrifugal,  191;  of  air  pres- 
sure, 440;  of  water  pressure,  440; 
muscular,  441,  443;  meaning  of, 
443-444;  of  gravity,  444-448;  of 
inertia,  449*-450*;  of  cohesion, 
450-451;  of  elasticity,  451;  of  ex- 
pansion of  eases,  451-452;  uses  of 
in  machines,  458*,  459*,  460*, 
461*,  462*,  463*,  464*,  465*,  467, 
469,  470,  472 
Formalin,  280 
Fossils,  83-84* 

Franklin,  Benjamin,  366*,  512* 
Freezing,  54-55,  395,  396*,  397 
Frequency,  of  radio  waves,  613 
Friction,  use  of  in  starting  a fire, 
322*;  and  operation  of  machines, 
458,  462,  473-475;  reduction  of, 
473-474;  sliding,  474*;  rolling, 
47 4*  \ uses  of,  474-475;  a problem 
in  land  transportation,  636, 
637 

Frost,  108 

Frostbite,  first  aid  for,  250 
Fruits,  142,  167,  265 
Fuel  value,  meaning  of,  155;  of 
common  foods,  15^158;  of  wood, 
337;  of  coal,  337 

Fuels,  burning  temperature  of,  329- 
330;  burning  of,  332-335;  char- 
acteristics of  good,  336;  character- 
istics of  natural,  336-341 ; obtain- 
ing of  natural,  341-545*;  annual 
consumption  of,  352—353;  prob- 
lem of  distribution  of  in  Canada, 
352-354*;  conservation  of,  354- 
355* 

Fulcrum,  459,  460 
Fumigation,  280 

Fungi,  as  cause  of  diseases,  258;  and 
deterioration  of  building  mate- 
rials, 434 

Fmnaces,  regulation  of  burning  in, 
345-346;  blast,  368*,  389*-390; 
hot-air,  367*,  372-373*;  pipeless, 
373-374*;  hot-water,  374-376*; 
steam,  376-577* 

Fuses,  564*,  565 
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Galaxies,  30*-31* 

Galena,  619 
Gameo,4*,  115 
Gall  bladder,  221* 

Galle,  Johann,  25 
Galvanizing,  436 
Galvanometer,  522* 

Gas  burner,  construction  and  opera- 
tion of,  348-349* 

Gas  engine,  development  of,  480*, 
633,  634;  uses  of,  480,  481*; 
source  of  energy  in,  501-502; 
operation  and  construction  of, 
502*,  503*-507;  Diesel,  507*-508; 
in  automobile,  635-643. 

Gas  lamp,  549*-550,  55P*-562 
Gases,  incandescent,  13;  oxygen, 
53,  138,  145,  147,  149*,  150,  151*, 
225,  226*,  227*-229,  327*-328, 
389,  434;  carbon  dioxide,  53,  59, 
66,  147,  149*,  170,  225,  226,  228*, 
360*-361,  395;  hydrogen,  150, 
151*,  334,  335,  340,  657-658,  659; 
chlorine,  198,  199;  explosive  mix- 
tures of,  501-502;  for  lighting, 
549*-550,  55P*-562;  for  balloons, 
357-658;  helium,  659 
Gasket,  502* 

Gasoline,  342-343 
Gasoline  lamp,  560*-562,  567 
Gastric  glands,  221,  239 
Gastric  juice,  221-222 
Gears,  as  forms  of  wheel-and-axle 
machines,  467-469*;  on  automo- 
bile, 642 *-643 

Generator,  basis  of,  513;  construc- 
tion and  operation  of,  522-525; 
alternating-current,  523*,  524; 

direct-current,  524-525*;  com- 
pared with  an  electric  motor,  539 
Germicides,  280 

Germs,  as  cause  of  disease,  254; 
discovery  of,  254-255*;  plant 
forms  of,  256-258;  animal  forms 
of,  258*-259* ; sources  of,  260-262 ; 
“carriers”  of,  261,  263,  264; 
spread  by  body  discharges,  263- 
267;  spread  by  blood-sucking  in- 
sects, 267*-269;  methods  of  enter- 
ing human  body,  270;  growth  of 
in  human  body,  270-272;  toxins 
from,  271-272;  how  kept  out  of 
human  body,  273;  destroyed  by 
white  corpuscles,  273*-274;  de- 
stroyed by  chemicals,  274;  meth- 


ods of  killing,  279-280;  prevent- 
ing spread  of,  280-288 
Geysers,  67 
Girders,  424*,  427 
Glacial  drift,  68*-69*,  70,  81 
Glaciers,  how  formed,  60;  erosion 
by,  60*— 61*;  of  Rocky  Mts., 
60-61;  and  land  building,  68*-71 
Glands,  salivary,  220*,  221;  gastric, 
221;  sweat,  236* 

Glass,  manufacture  of,  390-392*; 

as  a building  material,  415,  416* 
Gneiss,  80 
Gorgas,  Colonel,  268 
Graf  Zeppelin,  659 
Grain,  of  wood,  406,  407*,  408* 
Granite,  formation  of , 75 , 41 1 * ; prop- 
erties of,  409,  410 
Grate,  stove,  345* 

Gravel,  72-73* 

Gravity,  defined,  9;  measurement  of, 
9*-10;  and  movements  of  bodies 
in  solar  system,  23*-25 ; and  tides, 
41,  42*;  and  maintenance  of  water 
pressure,  202-203,  205;  as  a force 
acting  on  buildings,  417-418;  na- 
ture of,  444-448;  measurement  of, 
444-445;  specific,  446*;  as  a de- 
structive and  helpful  force,  448*; 
effect  on  objects  in  water,  646 
Grid,  battery,  519;  vacuum  tube, 
615*,  616*,  623,  624,  629 
Growth,  of  living  things,  140*-141 
Gutenberg,  Johannes,  589* 
Gypsum,  415 

Hailstones,  108* 

Headphones,  619,  620*,  621*,  622 
Health,  and  modern  life,  215*;  and 
exercise,  218,  232-234*;  and  rest 
and  sleep,  218,  232,  234-235;  and 
correct  breathing,  229-231;  and 
bathing,  235-238 

Heart,  location  of,  217*;  structure 
of,  228*-229;  effect  of  exercise 
upon  heartbeats,  233',  effect  of 
alcohol  upon,  239 

Heat,  from  sun,  7,  12,  13,  39-40,  98- 
99,  101;  within  the  earth,  74-75; 
radiant,  99;  absorbing  capacity 
of  materials,  100*-101 ; product  of 
oxidation,  138;  radiation  of  from 
human  body,  301,  304;  conduc- 
tion of,  301,  304;  as  a form  of 
energy,  324,  330,  331,  333,  365, 
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377;  regulation  of  in  kerosene 
stove,  346-357*;  progress  in  con- 
trol of,  365-366*,  367*;  and  ven- 
tilation, 367,  371-372*,  384-385*; 
in  freeing  metals  from  ores,  368*, 
389*-390;  in  refrigeration,  368, 
393*-397;  transfer  of  JdP-381; 
of  condensation,  379;  in  obtain- 
ing materials  from  solutions,  386- 
388;  in  manufacture  of  clay  prod- 
ucts, 388*-389;  in  making  glass, 
390;  in  shaping  and  molding  ma- 
terials, 390-392;  of  fusion,  394; 
of  vaporization,  396;  insulation 
against,  431-433*;  from  electric- 
ity, 535-537 
Heat  belts,  102* 

Heat  insulators,  431-432 
Heating  systems,  hot-air,  367*,  372- 
374*;  hot-water,  209-211*,  374- 
376*;  steam,  376-381 
Helium,  659 
Hercules,  27*,  28 
Hero,  480* 

Herschel,  Sir  William,  25 
Hertz,  Heinrich,  590 
“Highs”  (regions  of  high  pressure), 
weather  conditions  in,  124-125; 
centers  of,  124*;  movement  of  air 
in,  124;  paths  of,  125*,  126 

Hooke,  Robert,  139 
Hookworm,  259 
Horsepower,  494 
Hot  springs,  66*,  67 
Human  body,  comparison  with  ma- 
chine, 135-137*,  138,  139;  energy 
requirements  of,  136-137*,  151; 
normal  temperature  of,  137;  pro- 
duction of  energy  in,  137-138; 
circulatory  system  of,  216,  228*- 
229*;  repair  of,  138-140;  growth 
of,  140*-141;  composition  of,  150- 
151*;  vitamins  necessary  for,  152; 
uses  of  water  by,  152-153;  sys- 
tems of,  215-216,  217*;  cells  of, 
218*;  digestion  in,  220*-224*; 
need  for  air  by,  225-227 ; delivery 
of  oxygen  to  cells  of,  227*-229*; 
removal  of  carbon  dioxide  from 
cells  of,  228*,  229*;  value  of 
exercise  upon,  232-234*;  value  of 
rest  and  sleep  upon,  234-235; 
regulation  of  temperature  of,  236- 
237*,  300-303,  382-383;  effect  of 


alcohol  upon,  238-240;  effect  of 
tobacco  upon,  241;  clothing  and 
control  of  heat  in,  303-305 
Humidity,  explained,  104;  relative, 
104;  effect  of  temperature  upon, 
109-110;  relation  of  to  rainfall, 
109-110;  relation  of  to  topog- 
raphy, 110-111;  relation  of  to 
evaporation,  110-111;  cause  of 
differences  of  air  pressure,  118;  of 
a room,  382,  383 
Hydrocarbons,  340 
Hydrogen,  an  element,  150;  in 
protoplasm,  151*;  oxide,  334;  use 
in  balloons,  657-658,  659 
Hydrometer,  520* 

Hydrophobia,  259,  281 

Ice,  cooling  of  materials  by,  393*- 
394;  dry,  395;  making,  396*-397 
Ice  sheet,  61,  70* 

Image,  formed  by  lenses,  244*-245, 
577-580*;  formed  by  eyes,  573*- 
574*;  real,  573;  formed  by  plane 
mirror,  575,  576*;  formed  by 
curved  mirrors,  576;  virtual,  576 
Immimity  to  diseases,  274;  active, 
277;  passive,  278-279 
Inclined  plane,  458*-459 
Incubation  period,  of  diseases,  272 
Induction  coils,  in  telephone  sys- 
tem, 609,  610*,  613;  in  radio, 
613*,  614,  615,  622 
Inertia,  of  rest,  449*;  of  motion, 
449-450*;  advantages  and  dis- 
advantages of,  450;  centrifugal 
force,  450 

Infantile  paralysis,  254,  259 
Inflammation,  272 
Influenza,  254,  259 
Insects,  as  carriers  of  disease,  266*, 
267*-269;  methods  of  destroying, 
284-286*,  287*-288*;  and  dete- 
rioration of  buildings,  434,  436 
Insulation,  431-433*,  527,  528,  565, 
594,  595 

Internal-combustion  engine,  507 
Intestines,  small,  221*,  222,  223*; 

large,  221*,  222 
Iodine,  152 
Ion,  544,  545 
Iris,  242,  243*,  245* 

Iron,  an  essential  mineral,  152;  rust- 
ing of,  327,  329,  434,  435,  436; 
smelting  of,  389*-390;  pig,  390; 
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‘as  a building  material,  416,  417; 
protective  coatings  for,  436;  spe- 
cific gravity  of,  446 
Irrigation,  133* 

Isobar,  126* 

Isotherm,  126* 

Jack-screw,  469,  470* 

Jenner,  Edward,  276-277 
Jupiter,  14*,  15,  16*,  18 

Kerosene,  manufacture  of,  342-343 ; 
use  of  in  stoves,  346*-347*;  use  of 
in  lamps,  548*,  550,  559*,  567 
Key  socket,  528* 

Kidneys,  217* 

Kilocycle,  613-614 
Kilogram,  445* 

Kilometre,  454 
Kilowatt-hour,  5 68 *-569* 

Kinetic  energy,  455-456,  487 

Knot,  653 

Koch,  Robert,  255 

Lamps,  incandescent,  314,  537, 

538*,  550,  567;  earliest,  547*, 
548*;  kerosene,  548*,  550,  559*, 
567;  gas,  560*,  567;  gasoline, 
560*-562,  567;  electric,  562-563, 
565*,  566*,  568 

Language,  development  of,  588* 
Larv®,  of  mosquitoes,  267*;  of 
flies,  285,  286*;  of  moths,  317* 
Larynx,  593 
Laterals,  202,  203* 

Latitude,  34*,  654,  655*-656 
Laundering,  water  for,  200-202; 
reasons  for,  294*;  value  of  soap 
in,  305-306*;  steps  in,  306-308* 
Lava,  75*,  76 
Lavoisier,  Antoine,  327 
Lazear,  Dr.  Jesse  W.,  269* 
Lead-acetate  test,  for  fibres,  299 
Leaves,  142*,  145* 

Leeuwenhoek,  Anton  van,  254 
Lens,  of  eye,  243*,  245*;  action  of 
on  light  rays,  243-245,  246*; 
double  convex,  244*-24:5,  579- 
580*;  concave,  246*,  577,  578*; 
convex,  246*,  577,  578*,  magnify- 
ing, 578-579 
Levees,  65 

Leverrier,  Jean  Joseph,  25 
Levers,  459*-462*,  463* 

Lice,  269,  288 


Light,  from  electricity,  xxix*,  537- 
539, 562-563, 571*-572;from  sun, 
6,  7,  8,  12,  13,  39-40,  99;  New- 
ton’s experiments  with,  24*;  how 
we  see,  243-245,  246*;  waves, 
313*-314,  55i*-556;  as  form  of 
energy,  331,  332—333,  547-549, 
550-556;  value  of,  547-548;  prop- 
erties of,  550-556;  reflection  of, 
554*-555;  diffusion  of,  555-556*, 
571,  572;  gas,  55P*-562;  measure- 
ment of  power  and  cost  of,  567- 
569* ; intensity  of,  567,  570*,  57 1 ; 
reflection  of  by  mirrors,  554*-555 
Light  year,  29 

Lightning,  causes  of,  121*;  experi- 
ment with,  512* 

Lime,  414 

Limestone,  eroded  by  solution,  59*; 
formation  of,  67;  strata,  72*,  73; 
quarry,  403*;  properties  and  uses 
of  40P-4i0,  411,  413,  414 
Linen,  fibres,  297,  298*;  chemical 
and  physical  tests  for,  298-300; 
methods  of  laundering,  307,  308 
Linseed  oil,  435 
Lintel,  424-425 
Lippershey,  Hans,  4 
Lister,  Lord,  255 
Litmus  test,  for  fibres,  299 
Little  Dipper,  26*,  27*,  28 
Liver,  221*,  222 
Lockjaw,  261,  271 
Locomotive,  invention  of,  633 ; oper- 
ation of,  634*,  638*-639 
Log,  653-654* 

Longitude,  34*,  654-655* 
Loudspeaker,  622 
“Lows”  (regions  of  low  pressure), 
centres  of,  124*;  weather  condi- 
tions in  125-126*,  127* 
Lubrication,  507 
Lunar  eclipse,  21* 

Limgs,  location  of,  217*;  structure 
of,  227*,  228;  area  of,  228;  aiding 
the  work  of,  229-231;  effect  of 
exercise  upon,  233 
Lye  test,  for  fibres,  299 
Machines,  comparison  with  human 
body,  136-137*,  138,  139;  variety 
in  use,  440*;  development  of, 
441*-442*;  meaning  of,  457,472; 
inclined  plane,  458*-4:59*;  me- 
chanical advantage  of,  458-459, 
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460-461;  levers,  459*-462*,  463*; 
pulleys,  462,  464*,  465*;  wheel 
and  axle,  465*-469*;  screws,  469- 
470*;  wedges,  470-471*;  and 
work,  471-472;  efficiency  of,  47 3~ 
475*-,  operated  by  air,  478*,  479*, 
46’2*-487 ; horsepower  of,  493-494 
Maggot,  285,  286* 

Magma,  75,  76 
Magnesium,  152 

Magnet,  poles  of,  513*;  and  genera- 
tion of  electricity,  513*,  522*; 
force  exerted  by,  520-521*;  forms 
of,  521 ; lines  of  forces  of,  540-542* 
Magnetic  declination,  653* 
Magnetic  field,  521,  541*,  542*,  543 
Magnetic  poles,  of  earth,  652 
Magnetic  rays,  521 
Mains,  179,  202,  203* 

Malarial  fever,  258*,  259,  267,  268* 
Malleability,  405 
Mammoth  Cave,  59* 

Mantle,  gas,  560*,  567 
Marble,  80,  410,  411 
Marconi,  Guglielmo,  590,  612 
Mars,  14*,  15-17,  18 
Mass,  meaning  of,  10,  446 
Mastication,  220*-221 
Measles,  259,  274 
Meat,  kinds  of,  143-144;  preser- 
vation of,  144*,  172,  173;  as  dis- 
ease carrier,  265 

Mechanical  advantage,  of  inclined 
plane,  458-459 ; of  levers,  460-461 ; 
of  wheel  and  axle,  466 
Medical  examinations,  282*,  283 
Medicines,  patent,  275 
Medullary  rays,  406,  407,  408 
Mercury,  14*,  15,  16* 

Meridian,  33-34*,  35* 

Metals,  ores  of,  389;  iron,  389*-390; 
manufacture  of  articles  made  of, 
392;  properties  of,  475-417 
Meteor,  18 
Meteorite,  50,  51* 

Meteorology,  90 
Metric  system,  445*,  454* 

Mica,  409 

Microbes.  See  Germs. 

Microphone,  600,  617*,  618*,  619 
Microscope,  254,  255*,  579-580* 
Milk,  handling  and  shipping  of, 
135*,  283*;  production  of  per  year, 
144;  value  of  in  diet,  166*-167; 
pasteurization  of,  777*-172,  283, 


285*;  as  disease  carrier,  264-265; 
bottles  for  babies,  283-284 
Milky  Way,  30 

Minerals,  deposits  of,  59*,  66*,  67*; 
uses  of  by  human  body,  152;  test 
for,  154;  in  water,  200 
Mirrors,  as  aid  to  eyes,  575;  plane, 
575-576*;  concave,  576;  convex, 
576;  as  reflectors,  576,  577* 
Mississippi  River,  sediment  carried 
by,  57-58;  delta  of,  65*-66 
Mist,  105 

Modulation,  in  radio,  614,  618* 
Molds,  169*,  171,  173 
Molecular  force,  of  elasticity,  451; 

of  gases,  451-452 
Molecules,  370,  376,  377,  378,  516 
Monadnock  Building,  421* 
Montgolfier  balloon,  635* 

Moon  (earth’s),  early  beliefs  about, 
3;  facts  about,  15;  size  and  ap- 
pearance of,  18*,  19;  movements 
of,  19*-20;  phases  of,  20*-21; 
eclipse  of,  21*;  and  tides  41-42* 
Moons.  See  Satellites. 

Moraines,  68*-69 
Morse,  Samuel  F.  B.,  589,  590* 
Mortality  records,  239 
Mortar,  preparation  of,  414;  use  of, 
429-430;  weathering  of,  435 
Mosqixitoes,  and  malarial  parasite, 
258*;  kinds  of,  267*;  as  disease 
carrier,  267*-268,  269;  methods 
of  destroying,  287*-288* 

Motion  pictmres,  making  of,  583- 
584*;  projection  of,  584-585 
Motor.  See  Electric  motor. 
Mountains,  as  part  of  earth’s  sur- 
face, 46*,  47 ; weathering  of,  54*, 
79;  formation  of,  77-80;  folded, 
79;  block,  79;  effect  of  on  weather 
and  climate,  110,  111 
Mucous  membrane,  230 
Mumps,  259,  274 
Murdock,  William,  549 
Muscles,  muscular  system,  216, 
217*;  of  stomach,  222*;  of  blood 
vessels,  236,  237*;  of  eye,  245* 

Navigation,  651-656 
Near-sightedness,  246,  578* 
Nebula,  Orion,  xxii*;  spiral,  30*,  31* 
Negative,  582*,  583 
Neon  light,  628,  629 
Neptune,  14*,  15,  16*,  18,  25 
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Nervous  system,  216,  217*;  effect 
of  bathing  upon,  237 
Newton,  Sir  Isaac,  24* 

Nimbus  clouds,  106* 

Nitrogen,  in  protoplasm,  151*;  in 
air,  225 

North  American  constellation,  29* 
North  Star,  26*,  27*,  28,  29 
Nose,  230-231*,  273 
Nucleus,  of  a cell,  139*,  140*;  of 
an  electron,  516* 

Oceans,  formation  of,  51-52 
Oersted,  Hans,  513,  515 
Ohm,  Georg  Simon,  529 
Ohm’s  Law,  530 
Oil  burners,  350*-351* 

Olive-oil  test,  for  fibres,  299 
Oocysts,  258* 

Optic  nerve,  242,  243* 

“Optik  tube,”  4 

Orbit,  of  earth,  11*,  14*;  of  planets, 
14*,  22-25 

Ores,  veins  of,  67 ; freeing  metals 
from,  368,  389*-390 
Organic  disease,  253 
Orion  nebula,  xxii* 

Oscillations,  electric  current,  612, 
613;  audio-frequency,  617-618* 
Osmosis,  i4d*-147 
Oxidation,  meaning  of,  138 
Oxidizing  agent,  315 
Oxygen,  and  weathering  of  rocks, 
53;  combination  with  fuel,  138; 
source  of  body  heat,  138;  slow 
oxidation,  138;  use  of  by  plants, 
145,  147,  149*;  given  off  by 
plants,  149*;  and  carbon-dioxide 
cycles,  149*;  percentage  of  in 
protoplasm,  151*;  percentage  of 
in  air,  225,  327*~328]  test  for, 
226*;  delivery  of  to  cells,  227*- 
229*;  as  cause  of  burning,  326- 
329;  as  cause  of  rusting,  327,  329 
Oysters,  265 

Paint,  435 

Palisade  layers,  145* 

Pancreas,  221*,  222 
Pancreatic  juice,  222 
Parachute,  661* 

Paraffin,  composition  of,  333-334; 

as  a protective  coating,  436 
Parallel  connections,  53  2-5 JJ*,  565  *, 
566* 


Parasite,  256,  258* 

Paratyphoid  fever,  277 
Passive  immunity,  278-279 
Pasteur,  Louis,  254*,  255 
Pasteurization,  171  *-172,  283-285* 
Pathogenic  bacteria,  257*,  258 
Pelton  wheel,  489-490* 

Penstock,  492* 

Periscope,  576* 

Perseus,  26*,  27*,  28 
Perspiration,  value  of,  233;  evapo- 
ration of,  597-303,  383 
Petroleum,  burning  of,  335,  340; 
obtaining  of,  340*;  annual  con- 
sumption of,  353 
Pharynx,  227 
Phonograph,  598-599* 

Phosphorus,  150,  151-152 

Photo-electric  cell,  600*,  626*-627 

Photography,  581-583* 

Photosynthesis,  147 

Pig  iron,  390 

Pigments,  435 

Pile  driver,  448* 

Piles,  421 

Pistons,  of  pumps,  186*,  187*,  188*, 
189*,  190*;  of  engines,  499*,  503* 
Pitch,  597 

Plain-sawed  boards,  407*,  408* 
Plains,  46,  47* 

Planetesimal  hypothesis,  49-51 
Planetesimals,  50,  51 
Planetoids,  14*,  15,  17 
Planets,  as  part  of  solar  system,  14*, 
20;  appearance  of  from  earth,  14; 
orbits  of,  14*,  22-25;  tempera- 
ture of,  15-16;  existence  of  life 
on,  16-17 

Plants,  and  weathering  of  rocks, 
55*-56;  as  sources  of  food  supply, 
134,  142*-143*;  as  food  factories, 
145*,  147,  148,  149;  structure  of 
leaves  of,  145*;  circulatory  sys- 
tem of,  146,  148-149 
Plasma,  229* 

Plaster,  414,  415 
Plaster  of  Paris,  415 
Plate,  photographic,  581;  vacuum 
tube,  615*,  616*,  623,  624 
Plateau,  79 
Pluto,  14*,  15,  16* 

Pneumatic-tank  pressure  system, 
205-206* 

Pneumonia,  257,  271-274 
Polar  cap,  16* 
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Polaris,  26*,  27*,  28,  29 
Poles,  of  earth,  7,  32-33*,  34*;  of 
magnet,  513*,  520,  521*,  547-542 
Positive  film,  583*,  584* 
Post-puller,  461* 

Potassium,  152 
Potato,  165* 

Potential  energy,  455,  489 
Power,  water,  489*-492*;  meaning 
of,  493-494;  horsepower,  494; 
electric,  567-568,  569;  control  of 
in  land  transportation,  638 
Power  tube,  vacuum,  618* 
Precipitation,  105-108*,  109* 
Preservatives,  for  food,  172;  for 
building  materials,  435-436 
Pressing,  of  glass,  392 
Pressure,  exerted  by.  air,  774*-115; 
measurement  of  air,  115-117*, 
116*;  cause  of  differences  in  air, 
117-118-,  water,  202,  203,  204*, 
205*,  206,  529*;  meaning  of,  447*, 
448;  of  steam,  4P7*-498;  electric, 
529*-530 

Prevailing  westerlies,  123 
Primary  coil,  609,  610* 

Prime  meridian,  34* 

Printing,  of  photographs,  583;  de- 
velopment of,  588-589* 
Properties,  meaning  of  term,  113; 
physical,  405;  chemical,  405;  of 
wood,  40d*-408*;  of  natural 
stones,  409-4:11*-,  of  artificial 
stones,  472*-415;  of  glass,  415; 
of  metals,  475-417;  of  light,  550- 
556;  of  sound,  596-597* 

Proteins,  manufacture  of  by  plants, 
148;  chemical  composition  of, 
151;  necessary  for  building  of 
protoplasm,  151;  as  a source  of 
energy,  151;  effect  on  growth, 
152*;  test  for,  153-154;  sources 
of,  158,  166,  167;  results  of  over- 
eating, 164,  233;  action  of  gastric 
juice  upon,  221-222 
Protons,  516* 

Protoplasm,  basis  of  life,  139*-140; 

composition  of,  150,  151* 
Protozoa,  258*-259 
Pry-pole,  460* 

Ptomaine  poisoning,  170 
Pulleys,  462,  464*,  465* 

Pulmonary  vein,  228* 

Pulse,  233 

Pmnping  stations,  184*-185,  195* 


Pumps,  lift,  7(55*-7<57*;  simple  force, 
188*-189;  air-dome  force,  189*; 
double-acting  force,  189,  190*; 
centrifugal,  189-192*;  air-com- 
pression, 485* 

Pupa,  of  mosquitoes,  267*;  of  flies, 
286*;  of  moths,  317* 

Pupil,  of  eye,  242,  243* 

Pus,  272 

Push-button,  527*,  606,  607 
Pyorrhoea,  223 

“Quack”  doctors,  275* 

Quarantine,  281 

Quarter-sawed  boards,  407*,  408* 
Quartz,  67,  409,  410 
Quartzite,  80 
Quicklime,  414 

Rabies,  277 

Radiant  energy,  transformation  into 
heat,  99,  100*,  301,  304;  absorp- 
tion of,  100*;  reflection  of,  100*; 
absorbed  by  clothing,  304;  from 
a stove,  370;  from  a fireplace, 
371;  and  radio  waves,  614 
Radiation,  of  heat  from  human 
body,  301;  as  a method  of  heat 
transfer,  369,  370*,  371,  393 
Radiators,  374,  375*,  378,  379,  380 
Radio,  nature  of  waves  in,  612-614; 
sending  apparatus,  614-619;  re- 
ceiving apparatus,  619-624 
Radium,  74,  87 
Rafters,  428,  429* 

Rain,  formation  of,  107-108 
Rainfall,  causes  of,  103-108;  meas- 
urement of,  108-109;  relation  to 
temperature,  109-110;  relation  to 
humidity,  109-110;  relation  to 
topography,  110;  mean  annual  in 
Canada,  110*;  as  a source 
of  water  supply,  180 
Rarefaction,  in  sound,  594*,  618 
Rats,  growth  as  affected  by  diet, 
152*;  as  disease  carriers,  268,  288 
Rayon,  fibres,  298,  299*;  chemical 
and  physical  tests  for,  298-300; 
for  summer  clothing,  303-304; 
laundering  of,  306,  307,  308 
Rays,  angle  of  sun’s  rays,  8*,  57- 
39*,  40;  light,  614;  ultra-violet, 
614;  X-rays,  614;  cosmic,  614 
Reaction  time,  240 
Real  image,  573 
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Receiver,  telephone,  608*,  609* 
Rectilinear  motion,  488 
Reflection,  of  radiant  energy,  99, 
100* ; of  light,  554*-555,  575-576*, 
577* 

Refraction,  553*-554,  578 
Refrigeration,  of  food,  135,  144, 
172-173;  transfer  of  heat  in,  368, 
393,  394;  by  ice,  393*-395;  me- 
chanical, 395*-397 
Registers,  air,  373*,  374 
Relapsing  fever,  257,  269 
Relative  humidity,  104 
Relay,  telegraph,  605* 

Repeater  stations,  610 
Reservoirs,  185,  202-204*,  205* 
Residual  soil,  56 
Resiliency,  406 

Resistance,  electric,  529,  530,  536 
Respiration.  See  Breathing. 
Respiratory  system,  parts  of,  216, 
217*;  function  of,  227*-228 
Rest,  value  of,  218,  234-235 
Retina,  243* 

Returns,  374,  375* 

Rheostat,  5JJ-535 
Ribs,  217* 

Rickets,  152 
Ringworm,  258 
Risers,  374,  375* 

Rivers,  valleys  cut  by,  56*,  57*; 
flood  plains  of,  64*,  65;  deltas  of, 
65*;  as  source  of  water  supply, 
176,  184,  203* 

Rivets,  action  of  shearing  force  on, 
419*;  in  construction,  429,  430 
Rock  salt,  68 

Rock,  weathering  of,  53-56;  ero- 
sion of,  56*-63*;  deposited  by 
water,  62,  64;  sedimentary,  63*, 
67,  72*-73*,  77*,  78*,  85*,  86; 
deposited  by  glaciers,  68*,  69*, 
70;  molten,  75*;  igneous,  75*,  76*, 
85*,  87 ; metamorphic,  79-80;  crys- 
talline, 83,  85* 

Roller  bearings,  474,  475* 

Root  hairs,  145,  146,  147 
Roots,  142,  143*,  146* 

Rotor,  of  turbine,  491;  of  generator, 
522,  523*;  of  electric  motor,  540* 
Rotting,  434,  435 
Rusting,  327,  329,  434,  435,  436 

Safety  valve,  496* 

Sailboats,  649* 


SaUva,  165,  221 
Salivary  glands,  220*,  221 
Salt,  deposits,  67-68;  in  ocean, 
86-87;  manufacture  of,  387-388 
Sand  dome,  639 
Sand  dunes,  71* 

Sandbars,  66 

Sandstone,  formation  of,  72,  73; 

properties  of,  409,  410 
Satellites,  14*,  16*,  18 
Saturation  point,  104,  105 
Saturn,  14*,  15,  16*,  18 
Scalds,  first  aid  for,  250 
Scanning  disk,  625*-626*,  627*, 
628* 

Scarlet  fever,  257,  265,  274,  276 
Schick  test,  276 
Sclerotic  coat,  242,  243*,  245* 
Scratches,  first  aid  for,  247-248* 
Screw  propeller,  635 
Screws,  429,  469-470* 

Scurvy,  152 
Seasons,  J7-40 
Secondary  coil,  609,  610* 

Seeds,  142 

Sending-key,  telegraph,  601*,  602*, 
604*,  605* 

Septic  tank,  194* 

Series  connection,  532*,  533 
Serum,  278 

Settling  basin,  197-198*,  199* 
Sewage  disposal,  methods  of,  194*- 
195;  relation  of  to  disease,  194, 
284;  flush-tank,  208-209*;  house 
plumbing,  211-212* 

Sextant,  654-655*,  656 
Shale,  72,  73 

Ships,  flotation  of,  645-647 ; meth- 
ods of  propelling,  649*-651*; 
navigation  of,  651-656 
“Shooting  stars,”  18 
Short  circuit,  causes  of,  528*;  pre- 
vention of,  565*,  566 
Silk,  fibres,  296*;  chemical  and 
physical  tests  for,  298-i00\  for 
summer  clothing,  303-304;  meth- 
ods of  laundering,  306,  307,  308 
Silver  compounds,  581 
Sink  hole,  59 
Sinus,  271 
Siphon,  482*-483 
Sizing,  of  cloth,  299-300 
Skin,  as  excretory  organ,  233,  236*; 
structure  of,  236*;  as  protection 
against  germs,  273 


INDEX 


745 


Skyscraper,  xxvii*,  414*,  418*,  420- 
421,  422-423 
Slag,  390 

Slate,  80,  410*,  411 
Sledge,  636*-637 
Sleep,  218,  232,  234-235 
Sleeping  sickness,  259,  269 
Sleet,  108 

Sliding  friction,  474* 

SUp  rings,  522,  523* 

SmaUpox,  259,  274,  276-277 
Smelting,  389*-390 
Smith,  William,  84 
Smoke,  335,  338 
Snow,  108,  109* 

Soap,  305-JOd* 

Sodium,  152 

Soil,  residual,  55-56;  transported 
by  water,  62-66;  transported  by 
glaciers,  68*-71;  transported  by 
wind,  71-72;  formed  from  lava, 
76;  relation  of  to  food  supply, 
149*;  how  water  is  held  in,  180; 
saturated,  180-181* 

Solar  system,  sun  as  center  of,  12, 
13,  22;  table  of  facts  about,  15; 
regularity  of  movement  of  bodies 
in,  22-25 
Soldering,  531 

Solution,  erosion  by,  58-59*;  of 
foods  in  digestion,  219-220;  ob- 
taining materials  from,  386-388; 
in  electric  cells,  514,  515,  517, 
518;  in  battery,  520;  in  electro- 
plating, 544,  545 
Soot,  338 

Sormd,  how  produced,  592*-593*; 
how  it  travels,  5P3-595*;  insula- 
tors, 595;  how  heard,  5Pd*-598*; 
musical,  597*;  intensity  of,  597; 
recording  and  reproduction  of, 
598-600*;  and  telephone,  608*, 
609 

Sounder,  telegraph,  601*,  602*,  603, 
604*,  605* 

Spallanzani,  Lazaro,  255 
Spark  coils,  613* 

Spark  plugs,  502*,  503 
Specific  gravity,  446 
Spirilla,  257 
Spleen,  221* 

Spontaneous  combustion,  359 
Spores,  169* 

Sporozoites,  258* 

Sprains,  248-249 


Springs,  as  source  of  water  supply, 
176;  formation  of,  181* 

Spur  gear,  469* 

Sputum,  260,  263 
Standard  time,  35* 

Standpipes,  203-204*,  205* 

Starch,  manufacture  of  by  plants, 
148;  test  for,  148,  153;  grains  of 
potato,  164-7 <55*;  action  of  saliva 
upon,  165,  221 
Starfish,  84* 

Stars,  early  beliefs  about,  3;  sun  as 
a star,  4,  28;  number  visible,  25- 
27*,  29*;  star  maps,  26*,  27*; 
constellations,  26*-28;  how  to  lo- 
cate, 26-28;  brightest,  27*,  28; 
sizes  of,  28;  nearest,  29;  arrange- 
ment of,  29*,  30*-31* 

Static  electricity,  512-513 
Stator,  522,  523*,  524* 

Steam,  a form  of  cloud,  105;  genera- 
tion of,  376-317,  495*-497;  cir- 
culation of,  377-378;  condensa- 
tion of,  378-379*;  low-tempera- 
ture, 380-381;  uses  of  energy  of, 
479-480,  498*-500;  pressure  of, 
497 *-498  _ 

Steam  engine,  construction  and 
operation  of,  498 *-500;  develop- 
ment of,  633*,  634*;  on  loco- 
motives, 634*,  638*-639 
Steamship,  development  of,  635; 

methods  of  propelling,  650*-651* 
Steel,  manufacture  of,  390;  for  con- 
struction, 414*,  416*,  418*,  421, 
422-423,  427,  436 
Stem,  142,  143*,  146* 

Sterilization,  280 
Stoker,  automatic,  355* 

Stomach,  221*-222* 

Stomate,  145* 

Stone,  glaciated,  69*,  71*;  building, 
40P-415 

Storage  cell,  57(?*-520 
Storm  signals,  128*,  129 
Storms,  on  sun,  13*;  kinds  of,  119; 
causes  of  thunderstorms,  119- 
122;  causes  of  tornadoes,  122*- 
123;  causes  of  cyclones,  125-126 
Stoves,  wood  and  coal,  345 *-346; 
drafts  and  dampers  on,  345*,  346; 
kerosene,  346*-347*;  gas,  348- 
349*;  development  of,  366*,  367*; 
versus  fireplaces,  366*;  transfer  of 
heat  from,  370*-37l 
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Strabo,  48 

Strata,  63 *-64,  72*,  83,  84,  85* 
Stratified  rock,  63*,  67,  72* 
Street-cars,  535,  644* 

Striae,  60,  61* 

Submarine,  periscope  on , 5 76* ; oper- 
ation of,  648-649 
Suffocation,  249*-250 
Sugar,  manufacture  of  by  plants, 
147,  148;  test  for,  153-,  effects  of 
overeating,  167;  refining,  386-387 
Sulphur,  151*,  152 
Summer,  angle  of  sun’s  rays  in, 
38*-39,  40 

Sun,  early  beliefs  about,  3 ; as  a star, 
4,  28;  as  centre  of  solar  system, 
12,  13,  22;  as  source  of  heat  and 
light,  6,  7-8*,  12,  13,  J9-40,  98- 
99,  101,  548-549,  550-556;  as 
source  of  energy,  12,  15,  147, 
148*;  nature  of,  13*;  eclipse  of, 
13*,  21*,  22;  relative  size  of,  16*; 
angle  of  rays  of,  8*,  J7-40,  101; 
relation  of  to  tides,  42*;  and  plan- 
etisimal  hypothesis,  49-50 
Simlight,  properties  of,  550-556;  re- 
flection of,  554*-555*;  diffusion 
of,  556*,  571,  572 
Sxms.  See  Stars. 

Swan,  Sir  Joseph,  xxix,  537,  538 
Sunstroke,  250 
Sweat  glands,  236* 

Switches,  types  of,  528*,  564*,  565*, 
566*;  telegraph,  601*,  602*,  604* 
Symington,  William,  635 
Synthetic  fibres,  298,  299* 

Talus,  54*,  55 

Tangential  sawing,  407*,  408* 
Tapeworm,  259 

Teeth,  elements  necessary  for  build- 
ing of,  150,  151-152;  function  of 
in  digestion,  220,  223;  structure 
of,  223,  224* 

Telegraph,  discovery  of,  589,  590*; 
construction  and  operation  of 
simple,  ddi*-604;  one-wire  sys- 
tem, 602*-,  codes,  603-604;  system 
between  two  stations,  604*  •,  relay, 
605*;  station  equipment,  606 
Telephone,  discovery  of,  589-590*; 
receiver  and  transmitter,  607- 
609*;  station  system,  609-611; 
long  distance,  610;  number  in 
U.  S.,  611*;  trans-oceanic,  619 


Telescope,  2*,  4,  24* 
Teletypewriter,  606 
Television,  first  demonstration  of, 
590-591;  transmission,  591*,  625- 
627;  reception,  627-629 
Temperature,  of  sun,  13;  of  planets, 
15-16;  of  earth  and  angle  of  sun’s 
rays,  37-40,  101;  measurement 
of,  94-98;  causes  of  differences  in, 
99-102*;  and  altitude,  101-102; 
mean  annual  in  Canada,  102*; 
relation  of  to  rainfall,  109- 
110;  relation  of  to  topography, 
110-111;  cause  of  differences  in 
air  pressure,  117-118;  as  cause  of 
winds,  118;  of  human  body,  137, 
300-303,  382-383,  fever,  137;  pas- 
teurization, 171*-172;  effect  of 
bathing  upon  body,  236-237*; 
clothing  in  relation  to,  303-305; 
of  a room,  382-383;  of  boiling 
water,  377,  378-379,  380-381*, 
497*-498 

Tensile  strength,  405,  419,  429 
Tensional  force,  measuring  of,  419; 
and  building  materials,  422;  with- 
in loaded  beams,  425*,  426* 
Termite,  434 
Terra  cotta,  412* 

Tetanus,  261 

Thermometer,  value  of,  95;  record- 
ing, 95*;  Galileo’s,  96*;  construc- 
tion of,  96-98* 

Thermos  bottle,  397*-398 
Thermostat,  351 
Throttle  valve,  500 
Thrust,  of  arches,  428 
Thunderstorms,  causes  of,  119-122 
Ticks,  as  disease  carriers,  267,  269 
Tides,  41^2* 

Tile,  412 

Time,  33-35*;  geological,  86-87 

Tin,  436 

Tobacco,  241 

Tone,  597 

Tonsils,  230* 

Tools,  primitive,  441*,  442* 
Topography,  meaning  of  term,  110; 

relation  to  rainfall,  110-111 
Tornado,  122*-123 
Torricelli,  116 
Tourniquet,  248* 

Toxin,  271-272,  278 
Trachea,  227* 

Tractor,  440* 


INDEX 


747 


Transformer,  in  electric  light  sys- 
tem, 564*;  in  telephone  system, 
609,  610*;  in  radio,  614 
Transmission  (automobile),  507 
Transmitter,  telephone,  607-608* 
Transportation,  water,  xxx*,  633, 
634-635,  645,  656;  relation  to 
human  progress,  631-632;  de- 
velopment of,  632*-636*;  land, 
636*-645;  air,  656-665 
Trap,  211,  212* 

Travertine,  67 
Travois,  632* 

Tread,  637 
Trichina,  259* 

Tropics,  climate  in,  91*;  food  supply 
in,  159 

Trout,  effect  of  food  upon  growth 
of,  134* 

Truss,  use  of  in  buildings,  428-429* 
Tsetse  fly,  269 

Tuberculosis,  257,  258,  260*,  263, 
265, 274, 283* 

Tuning  coil,  621* 

Turbinate  bones,  230* 

Turbine,  480*,  491  *-492* 

Typhoid  fever,  257,  258,  261,  264, 
266,  271,  277,  284* 

Typhus  fever,  269 

Ultra-violet  ray,  234,  614 
Unconformity,  84,  85* 

Uranus,  14*,  15,  16*,  18,  25 
Ursa  Major,  26*,  27* 

Ursa  Minor,  26*,  27*,  28 

Vaccination,  277 
Vacuum,  97,  98,  115 
Vacuum  bottle,  39  7 *-398 
Vacuum-cleaner,  46’J-484* 

Vacuum  tube,  610,  613,  614,  615*, 
616,  617,  618*,  622,  623*,  624 
Valleys,  formation  of,  56*,  57*,  60* 
Valves,  186*,  187*,  188*,  189*,  190* 
Vanes,  of  windmill,  487,  488*;  of 
water  wheels,  489*,  490* 

Varnish,  435,  436 
Vegetables,  167,  265 
Ventilation,  purpose  of,  231,  582- 
383;  methods  of  natural,  231, 
383*-384*;  and  heating  system, 
367,  371-372*,  384-385* 
Ventricle,  228* 

Venus,  14*,  15,  16*,  17 
Vibration,  of  light  waves,  551;  as  a 


source  of  sound,  59Z*,  594*,  595*, 
596*,  597*,  598;  sympathetic,  596 
Villi,  223* 

Virtual  image,  576 
Vitamins,  kinds  of,  152;  effect  on 
growth,  152*;  in  common  foods, 
158;  sources  of,  167 
Vitreous  humor,  243* 

Vocal  cords,  593* 

Volcanoes,  early  explanations  of, 
47,  48*;  extinct,  60-61;  formation 
of,  74-76* 

Volt,  529,  530 
Volta,  Alessandro,  513 
Vulcan,  47 

Warp,  296* 

Washing  machine,  308* 

Washing  soda,  201-202 
Water,  erosion  by  moving,  xxiii*, 
56*-60,  63*;  early  methods  of 
obtaining,  xxiv*,  176*;  utilizing 
force  of  falling,  xxviii*;  weathering 
of  rocks  by,  53,  54*-55;  building 
up  of  earth  by  moving,  62-68; 
sources  of  in  air,  103-104;  rela- 
tion to  food  supply,  149*;  uses  of 
by  human  body,  152—153;  as  an 
essential  to  life,  176;  consumption 
by  Canadian  cities,  177;  qualities 
of  good,  177-178;  surface,  180; 
ground,  180;  table,  181*,  182*; 
soft  and  hard,  184,  200-202; 
how  it  rises  in  wells,  188;  filtra- 
tion of,  iPd*-197;  distillation  of, 
199-200*;  minerals  in,  200;  soft- 
eners, 201-202;  expansion  of,  376; 
vaporization  of,  376-311,  380- 
381;  boiling  point  of,  377;  specific 
gravity  of,  446;  pressure  of,  447*; 
uses  of  energy  of,  478,  479,  480*, 
489 *-492*;  buoyancy  of,  646 
Water  power,  substitute  for  fuel, 
353-354;  harnessed  by  water 
wheels,  489*-491*;  harnessed  by 
turbines,  491  *-492*;  in  Canada 
493*;  at  Niagara,  494 
Water  supply,  primitive  methods  of 
obtaining,  xxiv*;  relation  of  to 
human  progress,  176-177;  con- 
sumption of  by  Canadian  cities, 
177;  requirements  of,  177-179;  of 
Liverpool,  England,  178*;  aque- 
ducts for,  179*,  185,  202;  dis- 
tribution of,  179*,  202-206*,  203*, 
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204*,  205*:  reservoirs  for,  185, 
202-204*,  205*;  pumps  for,  186*- 
192*;  pollution  of,  193*-195;  and 
disease,  193-194,  195,  265,  284*; 
purification  of,  195-200*;  con- 
trol of  in  buildings,  207 *-212*  ; 
heaters  for,  209-211* 

Water  table,  181*,  182*,  193* 

Water  vapor,  in  air,  103,  104;  con- 
densation of,  104,  105,  107,  108 
Water  wheel,  undershot,  489*;  Pel- 
ton,  489-490*;  overshot,  490- 
491* 

Waterspout,  123 
Watt,  567-568 

Waves,  action  of  upon  rocks,  58*; 
sound,  612;  radio,  612-614;  elec- 
tromagnetic, 614;  carrier,  619 
Weather,  meaning  of  term,  90;  as  a 
force  of  nature,  90-93*;  and 
Meteorological  Services,  93*,  95*, 
102*,  128*-129;and  temperature, 
98-102;  and  altitude,  101-102; 
and  rainfall,  103-111;  maps,  124*, 
125*,  126*,  127*;  in  “highs,” 
124*-125,  126*,  127*;  in  “lows,” 
124*,  125-126*,  127*;  prediction 
of,  128;  storm  signals,  128*,  129 
Weathering,  of  rock  by  exposure  to 
air,  53,  55;  by  unequal  changes  of 
temperature,  53-55*;  by  chemi- 
cals from  plants,  55*-56;  of  lava, 
76;  of  building  materials,  435 
Wedge,  470-471* 

Weighting,  of  cloth,  295 
Well  point,  183* 

Wells,  shallow,  176,  182*-183;  how 
water  gets  into,  180,  181*-1%2*\ 
driven,  183;  deep,  183;  artesian, 
183*-184*;  how  water  rises  in, 
188-,  pollution  of,  193*,  194 
Wheel  and  axle,  465*-469*,  490* 
Wheelbarrow,  461* 

White  lead,  435 
Windlass,  465 *-466 
Windmill,  479*,  487*^89 


Windows,  use  of  in  ventilation, 
383*— 384* ; storm,  433 ; and  proper 
lighting,  557-558 

Wind,  erosion  by,  61,  63*;  building 
up  of  land  by,  71*-72;  explained, 
109;  relation  of  to  temperature 
and  humidity,  109-110;  naming 
of,  112;  causes  of,  iiJ*-115;  pre- 
vailing westerlies,  123;  between 
“highs”  and  “lows,”  124*;  spiral 
direction  in  “highs”  and  “lows,” 
124,  125;  as  force  acting  on  build- 
ings, 418;  uses  of  energy  of,  478, 
479*,  487*-489 

Winter,  sun’s  rays  in,  3S*-39,  40 

Wireless.  See  Radio. 

Wood,  burning  temperature  of,  330, 
335;  as  a fuel,  336-337;  annual 
consumption  of,  353;  properties 
of,  406*-4:08*;  disadvantages  of, 
408;  uses  in  building,  421; 
deterioration  of,  434,  435 ; reason 
for  floating  of,  646* 

Wool,  fitjres,  297*;  chemical  and 
physical  tests  for,  298-300;  for 
clothing,  304-305;  methods  of 
laundering,  306,  307*,  308;  felt- 
ing of,  307* 

Woolworth  Building,  420-421 

Work,  meaning  of,  442^43,  452- 
453;  factors  in,  453*;  units  of, 
453;  rate  of,  453-454;  measure- 
ment of,  454*;  and  machines, 
471-472 

“Work  in,”  460,  473 

“Work  out,”  460,  473 

X-ray,  614 

Yeast,  nature  of,  170*;  prevention 
of  growth  of  in  foods,  172;  as 
cause  of  disease,  258 

Yellow  fever,  259,  267,  268* 

Zinc,  436 

Zinc  oxide,  435 
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